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Energy Levels of Krypton, Kr I through Kr XXXVI 
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The energy levels of the krypton atom, in all stages of ionization for which exper
imental data are available, have been compiled. No data has yet been published for 
Kr XI through Kr XVII. For H-like krypton very accurate· calculated level values are 
compiled. In all, data for 29 spectra are given. Experimental g-factors are included 
for Krl and Kr II. Calculated percentage compositions of levels are given for 12 
ions. A value for the ionzation energy of each ion, either experimental or theoreti
cal, is included. 

Key words: atomic; energy levels; ions; krypton; spectra. 

Contents 

1. Introduction ........... ........ ............ 859 
2. Acknowledgments ..... ................ .... 860 
3. Tables of Energy Levels 

Kr I ........................... ............ 863 
KrII (Br I sequence) ..... ............ 875 
Krill (Se 1 sequence) ................. 880 
KrIV (As I sequence) ................. 882 
Krv (Ge I sequence) .................. 883 
KrVI (Ga I sequence) ................. 884 
Kr VII (Zn I sequence) ................. 886 
Kr VIII (Cu I sequence) .. ............... 888 
KrIX (Ni I sequence) .. ............... 891 
Krx (Co T sequence) .... .................... 892 
KrxI (Fe I sequence) ................. 894 
Kr XII (Mn I sequence) ........ ........ 894 
Kr XIII (Cr I sequence) ................. 894 
Kr XIV (V I sequence) .................. 895 
Krxv (Ti I sequence) .................. 895 
KrxvI (Sc I sequence) .................. 895 
Kr XVII (Ca I sequem;e) ................. 896 

1. Introduction 

In 1952 Moore published a compilation of energy lev
els of krypton containing the results of extensive analyses 
of Kr I through Kr IV along with four levels of Kr IX 
(Ni-like). Today, we have energy levels for most stages of 
ionization of Kr and very accurate calculated levels for 
H-like ions. New work on Kr I through Kr IV has been 
published. Much of the new experimental data were ob
tained with light sources such as the sliding spark, low 
inductance triggered spark, laser, tokamak, and beam
foil, most of which were unheard of in 1952. 
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Kr XVIII (K I sequence) .................. 896 
KrXIX (Ar I sequence) . .................. 897 
Krxx (Cl I sequence) " •••••••••• " ••••• > 897 
Kr XXI (S I sequence) ............... , .... 898 
Kr XXII (P I sequence) ..... " ..... " ...... 899 
Kr XXIII (Si I sequence) .................. 900 
Kr XXIV (AI I sequence) . ................ 901 
Krxxv (Mg I sequence) ................. 902 
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Krxxx (N I sequence) ................................ 909 
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KrxxxIlI (Be I sequence) . ................ 912 
Kr XXXIV (Li I sequence) .................. 913 
Kr xxxv (He I sequence) .................. 914 
Kr XXXVI (H I sequence) .................. 915 

The present critical compilation of the atomic energy 
levels of krypton in aU stages of ionization is part of an 
ongoing program of the NIST (formerly NBS) Atomic 
Energy Levels Data Center to compile similar data for 
all the elements. Our publications include helium by 
Martin [1973, 1987], sodium, magnesium, aluminum, and 
silicon by Martin and Zalubas [1981, 1980, 1979, 1983], 
and phosphorus and sulfur by Martin, Zalubas, and 
Musgrove [1985, 1990], potassium through nickel b} 
Sugar and Corliss [1985], copper and molybdenum b) 
Sugar and Musgrove [1990, 1988], and lanthanum 
through lutetium by Martin, Zalubas, and Hagan [1978]. 

Companion works containing all published wave· 
lengths for the higher stages of ionization have been pre. 
pared in collaboration with the Japanese Atomic Energ) 
Research Institute in Tokai-Mura, Japan. These jnc1ud~ 
titanium by Mori et al. [1986] and iron, nickel, copper 



rld molybdenum by Shirai et al. [1990, 1987a, 1991, 
~87b]. In addition, wavelength compilations including 
ata for all stages of ionization have been published for 
~ by Kaufman and Sugar [1988] and for Mg and Al by 
aufman and· Martin [1991a, 1991b]. 
The strong lines of Kr I to Kr v are contained in the 
RC Handbook of Chemistry and Physics, "Line Spectra 
: the Elements," edited by Reader and Corliss [1990]. 
compilation published by Kelly [1987] gives all wave~ 

ngths of krypton ions below 2000 A and their classifica
)ns. 
In the present work all energy levels are given in units 

~ cm -I. An estimate of the uncertainty of the energy 
vel values or wavelengths determining them is given 
ith each ion. Ionization energies are also given in e V 
ith the conversion factor 8065.5410(24) cm-l/eV pub
;hed by Cohen and Taylor [1987]. 
We have included under the heading "Leading per

ntages" the results of calculations that express the ei
nvector percentage composition of levels. (rounded to 
e nearest percent) in terms of the basis states of a 
Igle configuration, or more than one configuration 
lere configuration interaction has been included. We 
re first the percentage of the basis state corresponding 
the level's name; next the second largest percentage 
~ether with the related basis state. Generally, when 
~ leading percentage is less than 40%, no name is 
reno However, when two different parent states give 
e to the same final term and the sum of their percent
es is ~ 40%, the level is designated by the higher per
rltage term. For an unnamed level, the term symbol for 
~ leading percentage foJlows the percentage. The user 
)uld of course bear in mind that the percentages are 
)del dependent, so that the results of different ca1cula
ns may yield notably different percentages. 
For configurations of equivalent d -electrons, several 
ms of the same LS type may occur. These are theoret
lly distinguished by their seniority number. In our 
l1pilations they aloe designated in the notation of Niel-
1 and Koster [1963]. For example, in the 3d5 configu
ion there are three 2D terms with seniorities of 1, 3, 
I 5. These terms are denoted as 2D1, 2D2, and 2D3 
pectively, by Nielson and Koster. 
'Ne use without comment notations for various cou-
19 schemes as appropriate. Martin, Zalubas, and 
gan [1978] give a complete summary of the coupling 
ations used here, tables of the allowed terms for 
livalent electrons, etc. 
The text for each ion does not include a complete 
iew of the literature but is intended to credit the ma
contributions. In assembling the data for each spec-
111, we referred to the following bibliographies: 

Papers cited by Moore (1952) 
C. E. Moore (1969) 
L. Hagan and W. C. Martin (1972) 
L. Hagan (1977) 
R. Zalubas and A. Albright (1980) 
A. Musgrove and R. Zalubas (1985) 
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vii. Bibliographic file of publications since December 
1983 maintained by the NIST Atomic Energy Levels 
Data Center 
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ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 

Krl 

at 

Z=36 

Ionization energy 112914.40:t 0.03 cm 1 (13.999606:t 0.000004 eY) 

Meggers, de Bruin, and Humphreys [1929] gave the 
first extensive description of the neutral spectrum of 
krypton suitable for determining the energy level struc
. ture. They measured 205 lines in the range of 
3302 - 9751 A and classified nearly all of them. They uti
lized the vacuum ultraviolet measurements of the two 
resonance lines at 1164.88 A and 1235.85 A by Abbink 
and Dorgelo [1928] to connect their system of levels to 
the ground state. 

Meggers ct al. [1931] gave a new description of the 
spectrum obtained with a Geissler tube, increasing the 
number of observed lines to 460 and improving the accu
racy of the measurements of most of the lines to 
± 0.05 A. The level values were revised to take into ac
count interferometric measurements in the infrared by 
Humphreys [1930]. Further observations in the infrared 
by Meggers and Humphreys [1933] increased the num
ber of known lines in the range of 7601 A to 12 124 A to 
200, and led to another extension of the term structure. 

Independent observations and analysis of the spec
trum by Gremmer [1929, 1932] confirmed the results of 
Meggers and Humphreys. Observations were extended 
to 2.19 J,Lm by Sittner and Peck [1949] by means of a low 
voltage spark discharge in krypton. Most of these lines 
were predicted by the known levels. 

Combining all the wavelength data available, Edlen 
[1946] . redetermined the energy levels with an uncer
tainty of ± 0.05 cm -1. These were published by Moore 
[1952], in her compilation of Atomic Energy Levels. 

In 1960 the meter was defined as a multiple of the line 
of Kr86 at 6057.80210 A in vacuum. In this connection 
Edlen, in 1964, urged the determination of a set of 
energy levels of K r86 based on interferometric measnre.\ 
ments that could be used to establish a set of wavelength 
standards. Kaufman and Humphreys [1969] undertook 
this project, utilizing the 235 interferometrically mea
sured lines then available to establish the energy levels 
of Kr86. From these levels 530 wavelengths were calcu
lated in the range of 3300 - 40 700 A with an uncertainty 
of ± 0.000 10 A. Relative to the lowest· 4p'iSs level, the 
uncertainty of these level values is ± 0.0003 cm -I. Their 
absolute uncertainty relative to the ground state of 
±0.15 cm- I was due to the uncertainty in the measure
ment of the resonance lines by Petersson [1964]. 

By means of a resonant two-photon ionization ex
periment Trickl et al. [1989] measured· resonance lines 
from the 4p 55s, 6s, and 7s configurations with an average 
uncertainty of 1 part in 107

• They found that 

0.0679 ± 0.0060 cm -1 must be subtracted from tl 
energy levels of Kaufman and Humphreys at 
0.805 ± 0.010 cm -1 from the levels compiled by Moo] 
[1952] . 

We have compiled the levels given by Kaufman an 
Humphreys as corrected by Trickl et al. [1989]. The~ 
levels, given to four decimal places, have an uncertainl 
of ±0.OOO3 cm- I relative to the 4psep3/2)5s 2[312]2 leVI 
and ± 0.0060 cm -I relative to the ground state. Add 
tional levels from Moore's publication, corrected 1: 
Trickl et al. , are given here with two decimal place valm 
with an uncertainty of ±O.05 cm- I

• The more accura1 
levels are those of ~. Since the uncertainty of th 
Moore values is greater than the isotope shifts measure 
by Jackson [1979], no correction for this needs to b 
made to Moore's levels. 

Many absorption experiments have been carried 01 

with krypton in the ground state as well as in excite 
states. These have provided many Rydberg series th~ 
would be obscured by ordering these levels numericall~ 
Therefore, they are given in groups belonging to th 
same series. Generally the first few members are not in 
cluded in the series group, but are given with their ten 
group. For example, the 4s24p\2p~l2)ns series group be 
gins at n = 13. The series members for n = 6 -12 ar 
combined in Id-coupling pairs. The absorption experi 
ments are summarized in Table 1. There is little overla] 
of series observations except for Beutler [1935] ani 
Yoshino and Tanaka [1979]. The latter results are morl 
accurate and more extensive, and are therefore quotel 
here. 

Beutler [1935] observed 4psns and 4psnd series t4 
n = 12 and n = 14, re~pectively. Ym:hino and Tanak: 
[1979] extended the Beutler nd series to n = 60 and thl 
ns to n = 33, adding several more series of these configu 
"rations. These results have a measurement uncertaini' 
of ±O.3cm- l

• Delsart et al. [1981a] derived addition~ 
series terms as well as new np and nf series by optogal 
vanic detection, starting from an excited level. In an ad 
ditional paper, Delsart et al. [1981b] reported man~ 
series observed by two-photon field ionization from c 

metastable state populated in a microwave discharge 
Their measurement uncertainty is ± 0.03 A. These n~ 
and nd series were observed from n = 24 - 61 with ]. 
values of 1-3. We quote these results along with thost 
of Yoshino and Tanaka for the remaining series memo 
bers. Delsart et al. [1981a, 1981b] derived a value for th( 
first series limit of 112 914.47±0.03 cm-t. Because theit 



vel values are derived relative to the excited levels re
)rted by Kaufman and Humphreys, we corrected the 
nization energy by subtracting 0.0619 cm - 1. 

Both Beutler and Yoshino and Tanaka observed ns 
.ld nd series terminating on the second limit, the 
J5epY12) term of Kr II, the latter authors extending the 
1 series to n =59. From this they derived a value for the 
~ries limit of 118284.6±0.2 cm-l~ A more accurate 
:tlue of 118 284.50 ± 0.05 em -1 may be obtained from 
le first limit plus the 4p s zpo interval of Kr II. 
Both 4p 5ePffl)np and nf series were observed by 

)unning and Stebbings [1974] using a pulsed tunable 
lser with a metastable Kr beam. They estimate their 
leasurement uncertainty to be ±8 cm-t. These series 
ave also been populated by four-photon excitation from 
Ite ground state by Blazewiez et al. [1987]. They mea
ured level values with an uncertainty of ±4 cm-t. They 
,bserved sharp, intense nf peaks interleaved with much 
reaker np peaks. Both consist of unresolved terms of a 
,iven n with J = 2 and 4. 

By means of an optogalvanic double resonance 
:xperiment, Wada et al. [1986] observed the 
p5ePflZ)7d 2[512]2,3, the 4p5epYf2)7d 2Ph]Y,2, and the 
p5ePff2)9s z[1Jz:)3,l levels. We quote these results. 

Rydberg series arising from absorption from the 3d 
lnd 4s shells were obtained by Codling and Madden 
1964, 1971] using synchrotron radiation. A total of 153 
lbsorption lines in the range of 337 - 500 A are given by 
:odling and Madden [1971]. but most of these are not 
~lassified. In the range 450 - 500 A they identified the 
~s4p6np series from n =5 -19 with a level uncertain!}, of 
± 15 cm -1. Two series were observed at 131-136 A by 
:odling and Madden [1964] arising from excitation of 
:he 3d shell, and having the upper levels 3d geD3/2,512) 
b 24p6np for n =5-8. The measurement uncertainty is 
±0.1 A giving a level uncertainty of ±500 em-I. They 
llso derived the series limits with these data. These re
mIts are quoted here. 

Some energy levels arising from inner shell excitations 
by electron impact have been located. The lowest-lying 
doubly excited state, 4S24p 45s 2 3P2 was identified by Valin 
and Marmet [1975] at 22.83 ± 0.05 e V. They also give the 
4s24p 45s 23P8,1 blend at 23.39 ± 0.05 eV and the 1D2 at 
24.56 ± 0.05 e V. These are in agreement with the earlier 
assignments by Gerber et al. [1972]. Several other reso
nances observed by Valin and Marmet are identified as 
4s24p45snl states. These results obtained by electron im
pact excitation are not included in the table of energy 
levels. 

On the basis of a theoretical study of the odd parity 
series by Aymar et al. [1981] the levels 111 003 cm -1 and 
111072 cm-1 have been designated 4psfPf,z)7s [l/2Jf and 
4p5ep~/2)9d [112]1 respectively. Yoshino and Tanaka 
agree with this assignment The second of these levels, 
however, has no major component greater than 32% 
while the first has 60% as given here. 

The g-values of the 4p 55p levels given to five decimal 
places were observed by optically pumping 4p 55s 
metastable krypton atoms to magnetic sublevels of 
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4p55p. This work was done by Abu-Safia et al. [1981] and 
by Abu-Safia and Margerie [1983]. The remaining g-
values were measured by Green et al. [1940] and Green 
[1943] who used an arc discharge in a magnetic field. 

Sage and Lecler [1985] have measured a g-value for 
the 4p5ep~f2)5s 2[112]3 level of Kr83 of 0.974(4) x 10-4 by 
optical pumping and magnetic resonance. 

TABLE 1. Observed Series in Kr I . 

Configuration Term n-range Reference 

45 24p seF;!2)nd 2[3hft 4-8 Beutler [1935] 
4-60 Yoshino and Tanaka [1979] 
24-45 Delsart et al. [1981b] 

45 24p seF;!2)nd 2[wn 15-25 Delsart el at. [1981a] 
24-61 Dc:Jsart el aL [1981bJ 

4524pSeP;!2)nd 2[Wr. 4-29 Yoshino and Tanaka [1979] 
24-35 Delsart et al. [1981b] 

4524ps(2F;!2)nd 2[S/2:n 24-50 Delsart el 01. [1981b] 

4s24psfP;!2)nd 2[Sh13 24-46 Delsart et al. [1981b] 

4s24p Sepo3/2)nd 2rh13 15-25 Delsart el aL [1981a] 
24-53 Delsart et aL [1981b] 

4s 24pseF;!2)ns 2[3hTI 6-11 Beutler [1935] 
5-33 Yoshino and Tanaka [1979J 

45'4p 5CP1!2)ns '[112ft 8-12 Bculh::r [1935] 
5-30 Yoshino and Tanaka [1979] 

4s24pSeP;/2)ns 2[312:12 26-60 Delsart et aL {1981bJ 

~"4p5('P"3/2)rp 2[512]3 15-19 Dc;lliall t:t ul. [1981a] 

4s24pSep;!2)nf 2rh] 13-18' Delsart et al. [1981a] 

4s24ps(2P;!2)nf 2[%] 13-18 Delsart et al. [1981a] 

4s 24p 5fP'l!2)nd 2PhJi 6-14 Beutler [1935] 
4-59 Yoshino and Tanaka [1979] 

4s24p Sepol/2)ns 2[lhft 6-12 Beutler [1935] 
5-30 Yoshino and Tanaka [1979] 

4s24pSePi/2)np 2[112]1 8-25 Dunning and Stebbings [1974] 

4524psfP'l/2)nf 5-9 Dunning and Stebbings [1974J 
7-18 Blazewlcz el 01. [1987] 

4s24pS(2P'l!2)np 10-14 Blazewicz el al. [1987] 

4s4p6np 5-19 Codling and Madden [1971] 

3d9(2Ds/2)4s 24p 6np (Sh,lfz)t 5-8 Codling and Madden [1964] 

3d9fDl /2)4s 24p 6np e/2,11z)t 5-8 Codling and Madden [1964J 
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Level (em-I) g 

0.0000 

79971.7321 1.502 
80916.7575 1.242 

8519L6075 
85846.6945 1.259 

91 168.5073 1.893 
94092.8557 

92294.3938 1.336 
92307.3714 1.10108 

92 964.3871 1.00958 
93 123.3337 1.38371 

96771.4884 
97085.1882 

97595.9086 0.64687 
97945.1597 1.18194 

97687.7742 
99646.2086 

97797.2818 
98226.2633 

97919.1400 1.452 
98855.0632 

98867.4243 
99079.3619 

99626.8753 
99894.0402 

102 887.1878 1.834 
103 761.6280 



Kr I - Continued 

ConfIguration Term J Level (em-I) g 

4s24p5~P3J2)6p 2[5/2] 3 103 115.6286 1.333 
2 103 121.1362 1.107 

4S24p5~PYJ2)4d 2[3/2]0 2 103 266.3335 
1 104 887.3097 1.018 

4s24p5~P3J2)6p 2[312] 1 103313.4669 1.034 
2 103 362.6067 1.403 

4S24p5~~J2)4d 2[5/2]0 2 103442.6852 
3 103 701.4334 

4S24p5~P~J2)5d 2P/2)0 1 103 801.7882 1.098 
0 104073.4663 

4s24psCZP3!2)5d 2r12)0 3 104 916.4746 1.050 
4 104 630.56 

4S24p5CZp~!2)5d 2[3/2]° 2 105 007.2398 1.295 
1 105648.4287 0.935 

4s24psCZPY!2)6s 2[112]° 0 105091.34 
1 105146.32 

4S24p5~P3!2)5d 2[512]0 2 105 163.4940 1.006 
3 105208.4706 1.243 

1s21p 5(2P3tz)7s 2[3/z]0 2 105 647.448:2 1.496 
1 105 770.6953 1.097 

4s24p 5CZP3!2)4f 2[312] 1 105 964.4407 0.52 
2 105 965.5570 

4s24p5~P1J2)4f 2[9/2] 5 105988.80 

4s24p sCZP3!2)4f 2[512] 3 106 020.8375 
2 106 021.6016 

4s 24p GCP3J2)4{ 2rh] 3,4 106047.38 

4s24p 5CZP3!2)7p 2P/2] 1 107 005.3663 1.795 
0 107 410.3742 

4S24p5~P3!2)7p 2[512] 2 107 140.7949 
3 107 141.1660 

4s24p sCZP3!2)7p 2[3/2] 1 107 221.3282 1.041 
2 107 246.6824 1.403 

4s 24p °ep~J2)6d 2[l12r 0 107603.5951 
1 107 676.1446 1.348 

4s 24p 5(2P312)6d 2[7/3]° 4 107 778.9595 1.231 
3 107 876.9038 1.073 

4S24p5CZP~J2)6d 2[3/2]° 2 107796.8747 1.318 
1 108 258.7507 0.823 

4s 24p 5CZP3!2)6d 2[5/2]0 2 107 992.7823 0.965 
3 108046.3060 1.254 
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Kr I - Continued 

Configuration Term J Level (em-I) g 

4s 24p 6rp3n)8s 2[312]° 2 108324.9779 1.506 
1 108 373.0375 1.171 

4s24p 6rPln)6p 2[3/2] 1 108 438.2555 0.648 
2 108 567.7650 1.158 

4s 24p 6rp3n)5f 2[312] 2 108 471.1225 1.09 
1 108 480.7462 0.61 

4s24p 6(2P3n)5f 2[9/2] 5. 108 486.9391 
4 108 487.0740 

4s 24p 6(2P3n)5f 2[6/2] 3 108 503.2326 
2 108 503.8663 

48 24p 6(2pY/Z)6p 2[t;:d 1 108 514.1776 1.401 
0 108 821.5639 

4s24p 6rP3n)5f 2[1/2] 3,4 108517.03 

4s 24p 6{2P3n)8p 2(1/2] 1 109082.7646 1.795 
0 109 296.1863 

4s24p 6rp3n)8p 2[5/2] 3 109 103.2973 
2 109 105.78 

4s24p 6rP3n)8p 2[3/2] 1 109 149.6890 1.014 
2 109 160.9517 1.411 

4s24p 6rp3n)7 d 2[1/2t 0 109330.9773 
1 109 342.9326 1.355 

4s 24p 5ep3n)7d 2[3/2]° 2 109 375.2833 1.315 
1 109 688.7511 0.797 

4s24p 6 (2P3n) 7d 2[1/2]° 4 109433.9038 1.228 
3 109471.4165 1.094 

4s24p5rp~J2)7d 2[5/2]0 2 109527.5227 0.954 
3 109 578.9940 1.231 

4s 24p S(2P3n)9s 2[3/21° 2 109 751.9593 1.495 
1 109 779.3081 1.174 

4s 24p 5CZP§n)Gf 2r%] 1 109836.14 
2 109836.76 

4s 24p 6(2P3n)6f 2[9/2] 4 109 843.1265 

4s 24p 5ep3n)6f 2(5/2] 3 109 852.3011 
2 109852.75 

4s24p 5ep3n)6f 2[7/2] 3 109 860.3335 
4 109 860.3609 

4s24p6rp~n)5d 2[3/2]° 2 110103.2299 1.169 
1 110733.26 

4s24p 5rp~n)5d 2[5/2]° 2 110121.9917 0.899 
3 110237.4160 1.140 



Kr I - Continued 
.. 

Configuration Term J Level (em-I) g 

4s24p 5fPin)9p 2P/21 1 110 180.07 
0 110308.13 

4s24p 5fPin)9p 2[512] 3 110209.55 
2 110209.84 

4s24p 5fP3n)9p 2[312] 1 110234.84 
2 110242.82 

4s24p 5~Pm)8d 2[112]° 1 110290.3120 1.294 
0 110355.6214 

4S24p5~P03fl)8d 2[7/2r 4 110403.6333 1.236 
3 110470.9140 1.037 

4.~24p5(2p312)8d 2[5/2 ]0 ~ 110 496.708.' 1.005 
3 110508.1304 1.227 

4s24p 5fP3n)8d 2[3/21° 2 110512.8220 
1 110514.0901 

4s24p5fP03fl)10s 2[312]0 2 110608.3537 
1 110619.0701 1.161 

4s24p5~P3n)7f 2[3/2] 1 110655.44 
2 110656.00 

4s24p 5~P3n)7f 2[9/21 4,5 110659.89 

4s 24p 5~P3n)7f 2(512) 3 110 665.44 
2 110665.74 

4s24p5~Pin)7f 2[1/2) 3,4 110670.66 

4s24p5~P3n)IOp 2PIz) 1 110872.42 
0 110956.23 

4s24p5~P3n)IOp 2(312) 2 110916.06 

4s24p 5~P3n)9d 2[1/2)° 0 110933.3525 
1 111 002.9789 1.208 

4s24p5fp~n)7s 2[1/2)° 1 111 003.0 

4s24p 5(2P3r.ll}9d 2[7/::::]0 4 111 018.8718 
3 111 047.1626 

4s 24p 5fP3n)9d 2[3/2]° 2 111 047.06 
1 111154.3 

4s24p5~P3n)9d 2[5/2)° 2 111 071.44 
3 111 079.05 

4s24p 5~P3n)11s 2[312r 2 111154.39 
1 111170.82 

4s24p5~P3n)8f 2[3/2) 1 111 186.53 

4s24p 5~P3n)8f 2[9/2] 4,5 111 189.49 
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ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 

Kr I - Continued 

Configuration Term J Level (em-I) g 

4s24p 6fP3t2)8f 2(512] 3 III 192.65 
2 111 192.98 

4s24p 6CZP1t2)4f 2[7/2] 4 111 377.9 
3 111 378.41 

4s24p 5CZP1t2)4f 2[5/2] 3 111 380.30 
2 111 381.88 

4s24p 5CZP3t2)11p 2[1/2] 0 111 390.6 

4s24p 5CZP3t2)10d 2[1/2]° 0 111412.43 
1 111'128.56 

4s24p 5CZP3t2) 10d 2[7h}0 4 111 433.1407 
3 111 450.42 

4s24p 5CZP3t2)10d 2[3/2 ]° 2 111 445.38 
1 111 520.2 

4s24p 5CZPlb)10d 2[512]° 2 111467.34 
3 111474.07 

4s 24p 5CZP3t2) 12s 2[3/2]° 2 111 527.82 
1 111 536.62 

4s24p 5CZP3t2)9f 2[3/2] 1 111 550.5 

4s24p 5CZP3t2)9f 2[9/21 5 III 552.36 

4s24p 5CZP3t2)9f 2[612] 3 III 555.76 

4s24p 6CZP3t2)11d 2[1/2]° 0 111 708.31 
1 111 718.15 

4s24p 5CZP3t2)11d 2[112]° 4 111 725.2078 
3 111 736.85 

4s 24p 5CZP3t2) 11 d 2[3/2]0 2 111 731.13 
1 111 786.1 

4s24p 5CZP3t2)11d 2[5/2]° 3 111 754.34 

4s 24p 5CZP3t2)13s 2[3/2]° 1 111 799.9 
4s24p 5CZP3t2)14s 2[312]° 1 111 994.5 
4s Z 4p °CZP3t2) 15s Z[3hr 1 112142.4 
4s24p 5CZP3t2)16s 2[3/2]0 1 112257.3 
4s24p5CZP3t2)17s 2[3/2]° 1 112348.3 
4s 24p 5CZP3t2) 18s 2[3/2]° 1 112421.7 
4s24p 5CZP3t2)19s 2[3/2)° 1 112481.6 
4s 24p 5CZP3t2)20s 2[3/2]° 1 112531.2 
4s 24p 5CZP3t2)21s 2[3/2]° 1 112572.8 
4s 24p 5(2P3t2)22s 2f%]" 1 112608.0 
4s24p 5CZP3t2)23s 2[3/2 ]° 1 112637.9 
4s 24p 5CZP3t2)24s 2[3/2 ]0 1 112663.8 
4s 24p 5CZP3t2)25s 2[3/2]° 1 112686.1 
4s 24p 5CZP3t2)26s 2[3/21° 1 112705.7 
4s 24p 5CZP3t2)27s 2[3/2]° 1 112722.7 
4s24p 5CZPlb)28s 2[3/2 ]° 1 112 737.8 
1s2!fp 5epglZ)29s 2 3/z ° ( ] 1 112 751.1 



Kr I Continued 

Configuration Term J Level (em-I) g 

4s24p5fP3J2)30s 2(312)0 1 112762.9 
4s 24p 5epaJ2)31s 2[3/2]° 1 112773.6 
4s24p 5ePaJ2)32s 2(312)° 1 112783.1 
4s24p 5CZP3n)33s 2[3/2]° 1 112791.8 

4s24p 5ePan)10j 2(3/2) 1 111 809.6 

4s24p 5epan) 1 OJ 2[912] 5 111 811.5 

4s24p5ePan)1OJ 2[5/2] 3 111 813.4 

4s24p 5ePan)13p 2P/2] 0 111 914 
4s24p 5fPan)14p 2P/2] 0 112080 
4s24p 5fPan)15p 2[1/2] 0 112 208 
4s24p5fPak)16p 2[112] 0 112 310 

4s24p 5CZPan)12d 2[1/2)° 4 111 938.70 
3 111 946.90 

4s ?4p li('-Pan) 12d ?r%1" 1 111 983.3 
4s 24p 5CZPafJ)13d 2[312]° 1 112133.2 
4s 24p 5CZPafJ)14d 2[312]° 1 112249.7 
4s24p 5fPan)15d 2[312]° 1 112342.0 
4s24p 5fPafJ)16d 2[312]° 1 112416.4 
4s24p 5e Pan)17d 2[3/2]° 1 112477.2 
4s24p5eP3n)18d 2[3/2]° 1 112527.5 
4s24p 5fPan)19d 2[3/2]° 1 112569.7 
4s24p 5ePan)20d 2[3/2]° 1 112605.2 
4s24p 5ePat2)21d 2[3/2]° 1 112635.6 
4s 24p 5fP3t2)22d 2(312)° 1 112661.8 
4s24p 5ep3t2)23d 2[3/2]° 1 112684.3 
4s 24p 5eP3t2)24d 2[312Jo 1 112703.95 
4s24p 5(2P3J2)25d 2[3/2Jo 1 112721.23 
4s24p 5epat2)26d 2[3/2]° 1 112736.46 
4s24p5eP3t2)27d 2[3/2]° 1 112749.97 
4s24p 5ePat2)28d 2[3121° 1 112762.00 
4s24p 5fPat2)29d 2[312]° 1 112772.75 
4s24p 5fPat2)30d 2[3/2Jo 1 112782.40 
4s24p 5CZP3t2)31d 2[312]° 1 112791.10 
4s24p 5CZP3t2)32d 2[3/2Jo 1 112798.97 
4s24p 5ep3t2)33d 2[3/2]° 1 112806.12 
'4s24p 5CZPat2)34d 2[3/2]° 1 112812.59 
4s24p5CZPat2)35d 2[3/2]° 1 112818.53 
4s 24p 5fPat2)36d 2[3/2]° 1 112823.96 
40 24p 5(2J>g1Z)3 7 d 2[3/z]O 1 112828.03 
4s24p 5fPat2)38d 2[312]° 1 112833.50 
4s24p 5CZPat2)39d 2[3/2]° 1 112837.74 
4s24p 5CZPat2)40d 2[3121° 1 112841.62 
4sz4porPat2)41d Z[3IzJo 1 112845.24 
4s24p 5ep3t2)42d 2[3/2]° 1 112848.58 
4s 24p 5CZPat2)43d 2[3/2 ]° 1 112851.68 
4s24p 5fPat2)44d 2[3/2 ]° 1 112854.58 
4s 24p 5CZPat2)45d 2[31z]0 1 112857.28 
4s 24p 5CZP3t2)46d 2[3/2 ]° 1 112860.0 
4s 24p 5ePat2)4 7 d 2[3/2]° 1 112862.4 
4s24p 5CZP3fJ)48d 2[312]° 1 112864.6 
4s24p 5ePat2)49d 2[3/21" 1 112866.6 
4s24p 5epat2)50d 2[3/2Jo 1 112868.6 
4s24p 5ep3t2)51d 2[3/2]° 1 112870.4 
4s24 5 2PaJ2 52d p ( ) 2 3/2 ° [ J 1 112872.1 
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ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 8 

Kr I - Continued 

Configuration Tenn J Level (em-I) g 

4s24p 5fp3!2)53d 2[3/2 ]° 1 112873.8 
4s24p 5fP~b)54d 2[3/2 t 1 112875.3 
4s 24p 5fP3!2)55d 2[3/2t 1 112876.8 
4s 24p 5fP3!2)56d 2[3ht 1 112878.1 
4s2 4p 5(2Pg/Z)57d 2 [31z10 1 112879.4 
4s 24p 5fPS!2)58d 2[3/2 ]° 1 112880.6 
4s24p 5fP3f2)59d 2[312t 1 112881.9 
4s24p 5fp3f2)60d 2[312t 1 112883.4 

4s 24p 5fP3f2)13d 2F12t 4 112099.74 

4s24p5fp~/2)15p 2[5/2 ] 3 112 197.91 
4s 24p 5fP3f2)16p 2[5/2] 3 112 301.11 
4s 24p 5fp3f2)17p 2[5121 3 
4s24p5fp3f2)18p 2[5/2] 3 112 450.30 
4s24p 5fpgf2)19p 2[512] 3 112 505.29 

4s 24p 5ep3f2)13f 2[9/2] 112262.63 
4s24p5ep3tJ)14f 2[9/21 112352.57 
4s~4poep3tJ)15f 2[912] 112425.11 
4s.24p 5fPSf2)16f 2[9/2] 112 484.45 
4s24p 5fpgtJ)17f 2[9/2] 112 533.61 
4s 24p 5fPsf2)18f 2[9/2] 112 574.79 

4s24p 5fP3f2)13f 2[7/2] 112264.35 
4s24p 5fP3f2)14f 2[1/2] 112353.95 
4s 2 4p 6fP3f2)15f 2[7/2] 112426.22 
4s24p 5fP3f2)16f 2[1/21 112 485.35 
4s24p 5fP3f2)17f 2[7121 112 534.35 
4s 24p 5fpgf2)18f 2r12] 112 575.41 

4s24p 5fFaf2)15d 2[312]° 2 112321.68 
4s 24p 5fpgtJ) 16d 2[3/2 1° 2 112399.80 
4s 24p 5(2P312)17d 2[3/z ]0 2 112463.47 
4s 24p 5fP3rz) 18d 2[3/2t 2 112516.01 
4s24p 5fP3rz)19d 2[3/2]° 2 112559.89 
4s24p 5fp3rz)20d 2[3/2t 2 112596.91 
4s24p 5fP3rz)21d 2[3/2t 2 112628.43 
4s24p 5fp3rz)22d 2[3/2t 2 112655.48 
4s 24p 5fP3rz)23d 2[3/2r 2 112678.88 
4s24p 5fP3f2)24d 2[3/2]° 2 112699.26 
4s24p 5fP3f2)25d 2[3/2]° 2 112717.10 
4s 24p 5fP3f2)26d 2[3/2]° 2 112732.73 
4s24p 5fP3f2)27d 2[3/2]° 2 112746.65 
405 24p fiep3f2)28d 2(%]" 2 112759.01 
4s 24p 5fpgf2)29d 2[3/2t 2 112770.07 
4s24p 5fp3f2)30d 2[3121° 2 112779.99 
4s24p 5(2p3f2)31d 2{3/2r 2 112788.92 
4s 24p 5fP3rz)32d 2[3ht 2 112796.99 
4s24p 5fpgrz)33d 2[3ht 2 112804.29 
4s24p 5fP3rz)34d 2[3/2t 2 112810.96 
4s24p 5(2P312)35d 2[3/z ]0 2 112817.02 
4s24p 5fPSf2)36d 2[312)° 2 112822.58 
4s24p 5fp3f2)3 7 d 2[3/2]° 2 112827.66 
4s24p 5fpgf2)38d 2[3121° 2 112832.34 
4s 24p 5fP3rz)39d 2[3/2]° 2 112836.66 
4s24p5fP3f2)40d 2[3/2r 2 112840.67 
4s24p 5fP3f2)41d 2[3/2]° 2 112844.30 
4s24p5[2p~~)42d 2[3/2 ]° 2 112847.73 
4s 24 {) 2p3 43d 2 3/2 ° [ ] 2 112850.90 



Kr I - Continued 

Configuration Tenn J Level (em-I) g 

4s24p 5fP03fJ)44d 2[3121° 2 112853.84 
4s24p5fP3n)45d a [3/a10 2 112856.60 
4s 24p 5fP3t.J)46d 2 (3/a1° 2 112859.16 
4s24p 5fP"3fl)47 d 213/alo 2 112861.57 
4s24p 5fP03fl)48d 2[3/ar 2 112863.88 
4s24p 5fPOan)49d 2(3/2)° 2 112865.91 
4s24p 5~POan)50d 2[3/a]0 2 112867.91 
4s24p 5fP3,z)51d 2[3121° 2 112869.76 
4s24p5~P3t2)52d 2[312]° 2 112871.51 
4s24p 6fP3I2)53d 2r%r 2 112873.16 
4s 24p 5(2P~)54d 2ehlo 2 112874.75 
4s 24p 5fP3I2)55d 2[3/2)° 2 .112876.21 
4s24p 5fP3n)56d 2 [3/a]0 2 112877.61 
4s24p5~P03!2)57d 2(312)° 2 112878.92 
4s24p 5fpo3lZ)58d 2 1 3/zJO 2 112880.15 
4s24p 5~po3fJ)59d 2(:%r 2 112881.33 
4s24p 6epo3l2)60d 2[3/21° 2 112822.45 
4s24p5fP3I2)61d 2[3hr 2 112883.51 

4s24p 5fP3/a)15d 2[1/2]° 3 112325.10 
4s24p 5fP03fJ)16d 2[Va]0 3 112402.74 
4s 24p 5fpo3l2)17d 2[7/2)0 3 112466.03 
4s D4p·\1}P312)18d ~r'hlQ 3 112518.23 
4s24p 6fP03l2)19d 2[1/21° 3 112561.84 
4s 24p 5fP3J2)20d 2(1121° 8 112598.64 
4s24p 5fP312)21d 2[1/ar 3 112629.97 
4s24p 5fPOan)22d 2[1121° 3 112656.92 
4s 24p 5(2P03l2)28d 2[1/2]° 3 112680.09 
4s24p5fp312)24d 2[1121° 3 112700.35 
4s24p 5(2P3l2)25d 2[1/z1° 3 112 718.06 
4s24p5~Pm)26d 2[7/2]0 3 112733.60 
4sz4p6CZP3t.J)27d 2['7121° 8 112747.43 
4s24p 5f~fl)28d 2[1/2)° 3 112759.73 
4s24po~f>312)29d 2['1/2]° 3 112770.72 
4s24p5~P3fl)30d ae/210 3 112780.60 
48 24p 5fP3I2)31d 2{7/z1° 3 112789.46 
4s24p 5(2P03l2)32d 2[7/2]° 3 112797.48 
4s24p 5ep3/2)33d 2(7/2]° 3 112804.71 
4s 24p 5fpo3l2)34d 2(7/2r 3 112811.37 
4s24p 5fPOan}35d 2F/zr 3 112817.41 
4s 24p 5fP03l2)86d 2[7/2]° 3 112822.94 
4s24p 5fpa3l2)37d 2[7/at 3 112827.99 
4s24p 5~P312)38d 2[7/21° 3 112832.64 
4s24p 5fP3t2)39d 2(7/a}0 3 112836.93 
4s24p 5fPm)40d 2[7hr 3 112840.87 
4s24p 5fP3I2)41d 2[7/2 ]° 3 112844.55 
4s24p 5fPm)42d 2(1/2r' 3 112847.94 
4s24p 5(2P03l2)43d 2Fhl° 3 112851.12 
4s 24p 5fP03l2)44d 2[1/21° 3 112854.04 
4s 24p 5f~I2)45d 2F/ar 3 112856.78 
4s.24p 5f~I2)46d 2[7I2r' 3 112859.34 
4S24p5f~fl)47d 2(1/2)0 3 112861.71 
4s24p5fPsn)48d 2[1121° 3 112863.96 
4s24p 5fP312)49d 2[7/210 8 112866.06 
4s24p 5fP3I2)5Od 2[1/2]° 3 112868.03 
4s24p 5fP312)51d 2Flal° 3 112869.86 
4s 24p o(2Pt-z)52d 2('T/z }O 3 112871.61 
4s24p 5fral2)53d 2 112 0 ( 1 3 112873.23 
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ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 8' 

Kr I - Continued 

Configuration Tenn J Level (em-I) g 

4s24p 5ep3n)24d 2(1/2]° 1 112698.47 
45 24p 5~P§f~)25d 2[1/2]° 1 112716.38 
4s 24p 5CZP3n)26d 2[1/2]° 1 112 732.19 
4s24p 5(2pgn)27d 2 [1/2 r 1 112746.16 
4s24p 5(2pgn)28d 2[1121° 1 112 758.62 
4s z4p b(&P3n)29d 2[ 112]0 1 112769.70 
4s 24p 5(2P3n)30d 2[1121° 1 112779.69 
4s24p 5(2pgn)31d 2[llz]O 1 112788.65 
4s 24p 5(2P3n)32d 2[1/210 1 112796.74 
4s 24p5CZP3n)33d 2P/210 1 112804.12 
4s 24p 5CZpgn)34d 2[1/2)° 1 112810.76 
4s24p 5(2pgn)35d 2[1/2)° 1 112816.85 

4s24p 5ep3n)24d 2[51zr 2 112701.19 
4s 24p 5(2P3n)25d 2[5/2)° 2 112718.79 
4s24p 5(2P3n)26d 2[51zr 2 112734.32 
4s 24p 5CZpgn)2 7 d 2[D/Z}0 2 112 748.06 
4s 24p 5CZpgn)28d 2[5/zr 2 112760.30 
4s24p 5fP3n)29d 2[5/2)° 2 112771.21 
.4.~z.4p 5(2~/2)~Od 2[5/2]0 2 1127Rl.O.fil 
4s24p 5ep3n)31d Z[5/2r 2 112789.86 
4s24p 6fP3n)32d 2[6121° 2 112 797.85 
4s 24p 5epgn)33d . Z[5/zr 2 112805.06 
4s z4p 5CZP3n)34d 2[512]° 2 112811.67 
4s24p 5fP3n)35d 2[51z1° 2 112817.66 
4s24p 5fP3n)36d 2[5/2]° 2 112823.18 
4s24p5CZpgn)37d 2[5/2]° 2 112828.22 
4s 24p 5CZP3n)38d Z[5/2r 2 112832.85 
4s24p 5CZP3n)39d 2[51z]0 2 112837.13 
4s24p 5CZpgn)40d 2[5/2r 2 112841.06 
4g 2.4p5(2P8/2).41 d 2[5/2]0 ? 112844.71 
4s24p 5ep3n)42d 2[51zr 2 112848.10 
4s24p 5fPm)43d 2[5/21° 2 112851.26 
4s 24p 5CZpgn)44d 2[5/2)° 2 112854.19 
4s 2 4p 5CP3n)45d 2[5/z)''' 2 1128tifJ.91 
4s 24p 5fFa/l)46d 2[5121° 2 112859.43 
4s24p 5CZP3/l)4 7 d 2[51z1° 2 112861.84 
4s24p 5(2P3/l)48d 2(51z)O 2 112864.04 
4s z4p 5fp3n)49d 2[5121° 2 112866.11 
4s24p 5CZP3n)50d 2[5/2]° 2 112868.11 

4s24p 5CZP3n)24d 2[5/z]O 3 112701.80 
4s24p 5CZP3n)25d Z[51z1° 3 112719.35 
4s24p 5CZpgn)26d 2[5/z]o 3 112734.80 
4S24p5fp~fl)27d 2[51z]O 3 112748.52 
4sz4p o{zP3/2)2Sd 2[1)121'" a 112760.71 
4s24p 5fp3/2)29d 2[5/2]0 3 112771.59 
4s 24p 5CZFa/2)30d 2[5/z}0 3 112781.37 
4s 24p 5(2Pk)31d 2[5/2 ]0 3 112 790.17 
4s24p 5CZpgn)32d 2[5/2]° 3 112798.11 
4s 24p 5CZP3n)33d 2[5/2]° 3 112805.31 
4s24p 5fP3fl)34d 2[51z]0 3 112811.90 
4s 24p 5epgfl)35d 2[5/2)° 3 112817.90 
4s 24p 5CZP3fl)36d 2[512]0 3 112823.37 
4s24p 5fp3fl)37d 2[512]° 3 112828.41 
4s24p 5ePlb)38d 2[5/z]O 3 112833.02 
4s 24p 5fP3n)39d 2[5/2}0 3 112837.28 
4s24p 5fP3n)40d 2[5/Z]O 3 112841.20 
4s z4p 5fP3n)41d 2[5/2]0 3 112844.85 
4g24 52P8 p ( ,on) 42d 2 5/3 ° [ ) 3 112848.27 



Configuration Tenn J Level (em-I) g 

4s24p 5C:POan)43d 2[5121° 3 112851.34 
4s 24p 5fpoan)44d . 2[5/2 ]° 3 112854.26 
4s 24p 6(2P3n)45d 2[5121° 3 112856.99 
4s24p 5fP:b)46d 2[5/2)° 3 112859.56 

4s 24p 5fP3n)26s 2(312)° 2 112 705.10 
4s24p 5~po3fZ)27 s 2(312)0 2 112722.26 
4s24p 5(2P3,-.a)28s 2(312)° 2 112737.37 
4s24p 5ep~n)29s 2[312r 2 112750.74 
4s24p5fP03J2)30s 2[3/2 Jo 2 112762.74 
4s 24p °eP"3J2)31s 2[312]° 2 112773.41 
4s24p 5~P3n)32s 2[3/21° 2 112783.01 
4s24p 5fpoan)33s 2(312)0 2 112791.61 
4s24» 6f~'V2)34s 2[3/2 r 2 112799.47 
4s24p 5C:P3n)35s 2[312]0 2 112806.5.6 
4S24p5C:~)36s . 2[3/2)0 2 112813.02 
4s24p 5C:P3n)37s 2(312)° 2 112818.92 
4s24p 5fP3n)38s 2[3/2Jo 2 112824.32 
4s24p 5(2poan)39s 2[31z]0 2 112829.25 
4s24p 5(2P3tz)40s 2[31z)0 2 112833.81 
4s24p 5(2P3n)41s 2[31z]0 2 112838.01 
4s24p 5fP3n)42s 2[31zr 2 112841.90 
4s24p5~poan)43s 2(312]0 2 112845.48 
4s24p 6fP3tl)44s 2[3/2)0 2 112848.81 
4s24p 5(2poIJID)45s 2[3/2 )0 2 112851.{)1 
4s24p 5(2po3J2)46s 2(3/2]° 2 112854.79 
4s24p 5C:P3tl)47s 2 (31zr 2 112857.48 
4s24p 5C:P3tl)48s 2[3/2)0 2 112859.96 
4s 2 4p 6(2Patl)49S 9CJ12t 2 112862.33 
4s24p 5fP3tz)50s 2[3/2)° 2 112864.52 
4s24p 5C:P3tz)51s 2[3/2]0 2 112866.57 
4s 24p 5C:P3!2)52s 2[312]0 2 112868.50 
4s24p 5c:poan)53s 2[3/2 ]0 2 112870.35 
4s24p 5(2P3tz)54s 2[312]° 2 112872.06 
4s24p 5C:P3tz)55s 2[3/2 ]0 2 112873.63 
4s 24p 5C:P3tl)56s 2[3/2)0 2 112875.20 
4s24p 5fP3tz)57s 2(3/2]0 2 112876.63 
4s24p 5fPm)58s 2(3/2)0 2 112878.01 
4s 24p 5fP3tl)59s 2[31zr 2 112879.28 
4sz4poep3tl)60s Z(3Iz]O 2 112880.49 

........................ ............... ........ ....................... ............. 

Kr II fP3n) Limit 112914.40 

4s 24p 5C:~n)6d 2[3121° 1 113530 

4s 24p 5C:PYfl)5j 113866 
4s24p 6C:J>Ytl)6f 115219 
4s24p 5C:P1tl)7f 116043 
4s 24p 5C:P~fl)8f 116572 
4s24p 5C:PIn)9f 116932 
4s24p5C:P~fl)10f 117 192 
4s 24p 5C:PIfl)11f 117 381 
4s24p6C:PIn)12j 117536 
4s24p 5C:PItl)13j 117644 
4s24p 5C:PIn)l4f 117 741 
4s 24p 5(2Pln) 15f 117 800 
4s24p 5fPla)llV 117868 
4s24p 5(2PYtJ)17f 117 917 
4s24 . 5 pY 18 p c: fl) if 117948 
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ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 

Kr I - Continued 

ConfIguration Term J Level (em-I) g 

4s 24p6ep1n)8p 2[112] 1 114 494 
4s 24p 6ep'ln)9p 2[1/2] 1 115 585 
4s24p 6(2Pln)IOp 2[1/2] 1 116 271 
4s 24p6ePln)11p 2P/2] 1 116 731 
4s 24p 6ePln) 12p 2Ph] 1 117047 
4s 24p 6ePln)13p 2[112] 1 117274 
4s 24p6ep'ln)14p 2P/2] 1 117440 
4s24p 6fP1n)15p 2e/2] 1 117 575 
4s 24p 6fP'ln)16p 2P/2] 1 117677 
4s 24p 6(2Pln)17p 2P/2] 1 117 762 
4s 24p 6fPln)18p 2[1/2] 1 117826 
4s24p6(2~12)19p 2[1/£1 1 117876 
4s 24p 6ep1n)2Op 2[1/2] 1 117921 
4s 24p 5ePln)21p 2[1/2] 1 117961 
4s 24p 5ep'ln)22p 2Ph] 1 117998 
4s 24p GcnPin)23p 9[1121 1 118026 
4s 24p 5(2Pln)24p 2[1/2] 1 118050 
4s 24p 6(2Pln)25p 2[112) 1 118074 

4s 24p 5(2Pln)7d 2[512)° 2 114 729 
3 114878 

4s 24p 5fP'ln)7d 2[3/2]° 2 114833 
1 115019 

4s 24p 5ePln)9s 2[1/2)° 0 115123 
1 115135 

4s 24p5ePln)IOp 116321 
4s 24p 5ePlf2)11p 116 767 
4s24p 5(2Plf2) 12p 117054 
4s 24p 5ep'ln)13p 117306 
4s 24p5ep1f2)14p 117453 

........................ ............... ........ . ..................... . ............ 

Kr II ePlf2) Limit 118284.50 

4s4p 6 5p eh,llzY 1 2010U5 
4s4p 66p cth,lht 1 212098 

4s4p 65p [1/2,3/2)° 1 201 584 
4s4p 66p cth,312)0 1 212211 
4s4p 67p (112,3/2)° 1 216118 
4s4p 68p ct/2,3/2)O 1 218012 
4s4p 69p eh/V2Y 1 219241 
4s4p 61Op cth,3h)0 1 219911 
4s4p 6 11p ct/2,3/2t 1 220395 
4s4p 6 12p cth,3ht 1 220677 
4s4p 6 13p cth,3/2)0 1 220907 
4s4p 6 14p ct/2,3/2)O 1 221073 
4s4p 6 15p ct/2,3/2)0 1 221 205 
4s4p 6 16p ct/2,3/2t 1 221307 
4s4p 6 17p ct/2,3/2)0 1 221 391 
4s 4p 618p eh,3h)0 1 221455 
4s4p 619p cth,3ht 1 221 508 



J. SUGAR AND A. MU~uHUVt: 

Kr I - Continued 

ConfIguration Tenn J Level (em-I) g 

......................... ............... ......... ........................ ............. 
Kr II fSlf~) Limit 221 914.76 

3d94s 24p 65p (5/2 ,312)° 1 735940 ' 
3d94s 24p 66p (6/a,3/2)O 1 746830 
3d94s 24p67p (6/2,3/2)° 1 750920 
3d94s24p 68p (512,3/2)° 1 752900 

........................ ............... ........ ...................... . ............ 
Kr II fD5I2) Limit 756770 

3d94s 24p 65p ca/2,1/a)0 1 745770 
3d94s 24p 66p cal2,I/2)0 1 756890 
3d94s 24p 67p ca/2,1/2)0 1 760860 
3d94s 24p 68p cala,I/2)0 1 762830 

........................ ............... ........ . .................... , . ............ 
Kr II fD3/2) Limit 766580 
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ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 

Krll 

s 

Z=36 

Br I isoelectronic sequence 

Ionization energy 196475.4 ± 1.0 cm-1 (24.35985 ± 0.0001 e V) 

An extensive analysis of this spectrum was given by 
de Bruin. et al. [1933] who observed 1050 lines from 
2080 -10 660 A. Boyce [1935] extended the measure
ments in the range of 559 - 964 A, giving 82 classified 
lines, but obtained no new levels. The known configura
tions at that time were 4s24ps, 4s4p6, and 4s24p 4nl with 
nl =4d, 5s, 5p, Sf, 5g, ru-,"and 7s. 

New observations of the spectrum in the wavelength 
range of 550 - 2450 A were made by Minnhagen et al. 
[1969], thus covering the gap between the published sets 
of data. The overall uncertainty of these new measure
ments is ± 0.005 A. Approximately 300 new lines were 
obtained in this work. They revised some of the earlier 
level designations and extended the number of known 
levels, particularly for the nf configurations. The 5g lev
els of de Bruin et al. were dropped. These new data were 
used to derive the value for the ionization energy. 

All the level values and designations given here are 
from Minnhagen et al. except for 18 levels of the 4p 45s 
and 4p 45p configurations revised by Humphreys and 
Paul [1970] on the basis of interferometric measure
ments of 21 lines. These levels are given three decimal 
place values relative to the 4p 4ep)5s 4PS/2 level at 
112 828.27 cm -1. Their published values are relative to 
the level value 112830.00 cm-1 given in Moore's [1952] 
compilation. 

Bredice et al. [1988] have observed 52 new lines in the 
range of 1700 - 8700 A using a pulsed capillary dis-

Kru 

Configuration Term J Level (em-I) 

4s24p 5 2po 3/2 0.00 
1/2 5370.10 

4s4p 6 2S 1/2 109000.36 

4s24p 4ep)5s 4p ''fa 112828.27 
3/2 115092.012 
1/2 117603.016 

4S24p 4caP)5s 2p 312 118474.359 
112 121 002.149 

4s24p4caP)4d 4D 712 120209.87 
5/2 120426.93 
312 121 000.37 
112 121 119.54 

charge. Classifications according to the level desigl 
tions of Minnhagen are given. 

Percentage compositions for the mixed configuratic 
4s4p6, 4p45s, and 4p 44d were calculated by EI Sherb 
and Farrag [1976]. Later Smid and Hansen [19~ 
showed that Ed continuum states must be included in t 
interaction with the 4s4p62S1/2 as they contain 18% 
this state. We give the Smid and Hansen results for t 
distribution of this state in 4s4p 6, 4s24p 4eD)4d, a: 
4s24p 4eD)5d and take the remaining energy level COl 

positions from EI Sherbini. and Farrag. 
The g-values were derived by Bakker and de Bru 

[1931] and are included in the paper by de Bruin et t 

[1933]. 
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g Leading percentages 

57 43 4s24p 4eD)4d 2S 

1.60 96 3 4s24p 4eD)5s 2D 
1.54 59 36 4s24p4ep)5s 2p 
2.64 78 13 4s24p 4(3p)4d 4D 

1.52 58 38 4s24p4rp)5s 4p 
0.70 78 13 4s 24p 4CSP)4d 4D 

93 5 4s24p 4(3p)4d 4F 
91 3 " 
89 3 4s24p4(3p)4d 4p 

0.00 TS 11 4~24p4Cp)5., ?p 



Kr n .- Continued 

Configuration Term J Level (em-I) g Leading percentages 

4s24p 4caP)4d 4F 912 126000.82 94 6 4s 24p 4ctO)4d 2G 
712 127929.52 72 20 4s 24p 4ep)4d 2F 
6/2 129697.19 91 4 " 
312 130512.73 96 

4s24p4ctO)5s 20 3/2 127597.49 0.80 76 8 .4s24p 4(lD)4d 2D 
612 127861.51 1.20 89 4 " 

4s24p 44d l/z 129515.08 33 4s24p 4ep)4d 41" 29 4s 24p 4(lD)4d 21" 

4s24p 4ep)4d 4p 112 130893.45 61 21 4s24p 4(-lP)4d 2p 
6/2 132970.49 68 II 4s24p"ep)4d 2F 

4s 24p 4ep)4d 2p 312 131 375.45 76 9 4s24p4eO)4d 2p 

4s 24p 4ep)4d 2F 712 131 632.11 65 22 4s24p4ep)4d 4F 
6/2 134566.95 47 26 4s24p4ep)4d 4p 

4s 24p 44d 3/2 132965.52 35 4S24p4caP)4d 4p 22 4S24p4ctD)4d 2D 

4s24p 4ep)5p 4po 6/2 133923.859 1.58 
312 134286.667 1.67 
112 135781.264 1.98 

4s24p 44d 312 134621.41 34 4S24p 4caPJ4d 2D 33 4s24p 4(lD)4d 2p 

4S24p4(3P)5p 4Do 712 135781.415 1.43 
612 136069.229 1.23 
312 138379.610 1.26 
112 140161.462 0.00 

4s24p 44d 612 137098.16 34 4s24p 4ePJ4d 2D 34 4S24p 4CSPJ4d 2F 

4S24p 4CSP)5p 2po 112 139101.568 1.78 
3/2 140135.395 1.26 

4s24p4(-lP)5p 2Do 512 140117.228 1.34 
31z 141903.040 1.33 

4s 24p 4ep)5p 4so 312 141 720.955 1.54 

4S24p4caP)5p 28° 1/2 142361.840 1.50 

4S24p4ct8)5s 28 112 145811.90 2.00 85 6 4S24p 4ctO)4d 28 

4S24p 4ctO)5p 2F' 5/2 149171.64 0.86 
712 149702.80 1.14 

4s 24p·CD)4d ?D 6'12 149514.06 49 :39 4s 24p .fep)4lt aD 
3/2 150 178.13 48 45 " 

4S24p 4ctD)5p 2po 312 150201.68 1.33 
1/2 152239.19 0.70 

4s 24p4eD)4d 2p 312 151 826.36 59 37 4s24p4ep)4d 4p 
1/2 152 185.02 53 45 4s24p4caP)4d 2p 

4S24p 4ctD)5p 2Do 3/2 152190.13 0.80 
6/2 152314.48 1.20 
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ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 87 

Kr n - Continued 

Configuration Term J Level (em-I) g Leading percentages 

4s 24p 4ep)6s 4p 512 157077.34 1.60 
3/2 157883.65 1.39 
1/2 161 875.62 2.34 

4s24p 4ctD)4d 28 1/2 160794.93 2.07 54 12 4s4p628 

4s24p 4ct8)4d 2D 512 161 011.83 2.47 89 6 4s 24p 4eD)4d ~D 
312 161 407.57 84 8 " 

4s24p 4(3p)5d 4D 712 161 283.59 1.40 
5/2 161 450.10 1.37 
3/2 162057.31 1.33 
1/2 162564.41 0.92 

4s24p 4ep)6s 2p 3/2 161 800.17 
1/2 163031.91 0.88 

4s24p 4ep)5d 4F 9/2 162207.13 1.33 
7/2 162530.21 1.17 
5/2 165075.60 1.12 
3/2 165 140.18 1.40 

4s24p 4ep)6p 4po 512 164372.15 
3/2 164646.33 

4s24p 4ep)5d 4p 1/2 164437.45 1.94 
3/2 167045.38 0.52 
5/2 167517.16 1.04 

4s24p 4caP)6p 4Do 712 164950.83 
512 165057.18 
312 166153.43 

1s21p4caP)5d 2F 7/2- 166578.05 
512 166999.69 

4s 24p 4CSP)5d 2p 1/2 166951.56 0.51 
312 167911.34 1.18 

4s 24p 4caP2)4j 2[4]° 9/2 168083.78 
7/2 168 ] 16 .. ~2 

4s 24p 4caP2)'lf 2(3]° 512 168181.44 
712 168258.54 

4s 24p 4e8)5p 2po 112 168261.27 1.24 
312 168937.54 0.90 

4s 24p 4caP2)'lf 2[2r 3/2 168383.26 
5/2 168460.67 

4s 21p 4caP2 )1f 2(5)° 11/2 168lf.7lf..O{) 
912 168488.99 

4s 24p 4caP2)'lf 2[1]° 1/2 168628.47 
312 168717.10 

4s 24p 4(3p)5d 2D 5/2 169 703.13 1.15 
3/2 J 70 fi69.~R 1.00 
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Kr n -- Continued 

Configuration Term J Level (em-I) g Leadlllgpereentages 

4s24p"eD)6s 2D 612 171 968.85 1.20 
3/2 172050.11 0.80 

4s24p"(1Pl)4j 2[2]° . 3/2 172712.56 
5/2 172771.65 

4s24p"caPI)4j 2[4]° 912 172800.24 
7/z. 172855.'10. 

4s24p 4eP1)4j 2[3]° 712 173128.92 
512 173154.78 

4s24p 4ep)7s 4p 6/2 173307.95 
"% 173638.28 
1/? 178053.05 

4s 24p 4epo)-t! 2[3]° 1/2 173673.73 
5/2 173686.12 

4S24p 4caP)6d 4D 1/2 175339.62 
612 175431.28 

4s 24p 4ep)6d 4F 912 175664.77 
112 175844.05 

4s24p4eD)5d 2G 7/2 175889.93 0.89 
9/2 176591.22 1.11 

4 s24p 4eD)5d 2D 312 176109.24 
612 118318.69 1.20 

4s24p 4eD)5d 2p 312 177682.11 1.18 
112 178504.89? 

4 s24p 4eD)5d 2F 612 177708.50 0.89 
712 177907.24 1.14 

4 s24p 4caP)7s 2p 3/2 177955.08 
112 178785.88 

4 s24p4caP2)5j 2[4]° 912 178341.88 
712 178361.50 

4 s24p 4caP2)5j 2[3]° 5/2 178402.42 
7/2 178462.50 

4 s24p 4ep2)5j 2(2r 312 178511.13 
612 178569.56 

4 s24p4caP2)5j 2[5]° 11/2 178543.80 
912 178556.06 

4 s24p4ep2)5j 2[1]0 112 178653.80 
312 178682.44 

4 s24p 4(3P)8s 4p 5/2 181 199.76 
3/2 181 378.63 

4 s24p 4eP1)5j 2[4]° 9/2 182947.03 
712 183001.89 

. Phys. Chem. Ref. Data, Vol. 20, No.5, 1991 



ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 87 

Kr II - Continued 

Configuration Term J Level (em-I) g Leading percentages 

4s24p 4(3PI)5j 2(2)° 5/2 182947.34 
3/2 182963.85 

4s24p 4ePI)5j 2(3)° 7/2 183126.90 
612 183154.58 

4s 24p 4epo)5j 2[3]° 712 183728.60 
6/2 183737.40 

4s24p 4ep2)6j 2(4)° 9/2 183938.95 
7/2 183983.37 

4s24p 4ep2)6j 2[3]° 5/2 184027.39 

4s24p 4ep2)6j 2[5]° 1112 184041.28 
912 184049.68 

4s 24p 4ep2)6j 2[2)° 3/2 184045.18 

4s24p 4(3P2)6j 2[1)0 1/2 184109.22 
312 184134.64 

4s 24p 4 (3P2)7f 2[4]° 912 187274.16 
7/2 187282.19 

4s 24p 4ep2)7f 2[5]° 11/2 187355.52 
9/2 187360.53 

4s24p 4(3Pt )6f 2[4]° 9/2 188512.46 
7/2 188545.00 

4s24p 4ep})6j 2[3]° 612 188618.25 

4s24p 4ep2)8j 2[4]° 9/2 189445.50 

4s24p 4caP2)8f 2[5]° 11/2 189503.65 
9/2 189507.85 

4s24p 4caP2)9j 2[4]0 9/2 190936.53 

4s 24p 4caPz)9f 2[5]° 1112 190974.91 
9/2 190977.53 

4s24p 4cap2) 1 OJ 2[5t 1112 192025.51 
..................... .......... ........... ................... ......... 

Kr III (3P2) Limit 196475.4 
-



Kr III 

36 

: isoelectronic sequence 

ization energy 298020 ± 100 cm-1 (36.950 ± 0.010 eV) 

lumphreys [1935] identified 369 lines of this spectrum 
the range 2116-7353 A from observations with a 
ied Geissler-tube discharge. He estimated his wave
~th uncertainty as ± 0.01 A. An additional range of 
relengths from 500 - 2000 A was observed by Boyce 
35] with a wavelength uncertainty of ± 0.01 A. 
nbining their observations, Boyce and Humphreys 
ltified levels of the configurations 4s 24p4, 4s4p 5, and 
Jp3nI where ni = 4d, Ss, Sp, Sd, and 6s. All the levels 
given by Humphreys [1935] while Boyce [1935] gives 
:sifications for the lines in his. range of observations. 
~ energy level uncertainty is ± 0.3 cm 1. 

,finn hagen et al. [1969] reobselVed the spectrum from 
-1200 A with a pulsed rf light source in order to 
ain morc accurate values for the levels of the 48 24p 4 

figuration. His wavelength uncertainty is ± 0.005 A. 
be spectrum was remeasured in the range of 
- 8200 A by Bredice et al. [1988]. The excitation was 
ained with a theta pinch for the vacuum ultraviolet 
relength region and a high-voltage spark for the visi-
region. Measurement uncertainties of ± 0.01 A are 

orted for the theta-pinch data and ± 0.01 to ±O.03 A 
the spark data. About 140 new lines were classified 
I four new levels were found for the 4p 34d and 4p3Sp 
figurations. Designations for several levels were 
nged based on comparisons along the isoelectronic 
uence. New values for all the energy levels, except 
se of the 4p 3Sd and 6s configurations were deter
ted with an uncertainty of ±0.60 cm- t

• We have 
,pted the level values derived by Bredice et al. The 
Sd and 6s levels are taken from Humphreys, with a 
rection of 1.10 cm-1 subtracted from his level values 
is to adjust them to those of Bredice et al. 
\.gentoft et al. [1984] measured the line 
.117±O.005 A in a hollow cathode discharge, and 
ntified it as the 4s4p 51PY-4p6 ISO transition. This was 
lblished on the basis of the Auger identifications 
de by McGuire [1975] and the relative intensity of this 
: compared to other lines of Kr III produced in a hol
, cathode discharge and in light sources where the 
itation is by electron impact, such as the theta pinch. 
!ntoft et al. state that the cross section for excitation 
the 4p 6 ISO state is much greater for ion-atom colli-
1al excitation, as in a hollow cathode discharge, than 
electron impact excitation. We take the 4p 6 ISO value 
n this reference. 
Iumphreys derived the value for the ionization energy 
n ns and nd series. 

hys. Chem. Ref. Data, Vol. 20, No.5, 1991 
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KrIll 

ConfIguration Term J Level (em-I) 

2 0.0 
1 4 548.4 
0 5312.9 

2 14644.3 

0 33079.6 

4s4p 5 3po 2 115930.93 
1 119380.23 
0 121 542.96 

0 138446.69 
1 138470.97 
2 138480.60 
3 138492.55 
4 138649.15 

1 141876.16 

2 145718.87 

2 147804.55 
3 148735.32 
1 149071.85 

1 151 580.19 

2 153563.20 
3 154699.86 
4 156081.96 

0 154399.71 

3 159996.43 
4 160414.86 
5 161108.61 



ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 

Kr III - Continued 

=-
Configuration Tenn J Level ConfIguration Term J Level (em-I: 

4s24p 3eDO)4d IGO 4 162841.05 4s 24p 3CZDO)5p IF 3 194 962.8] 

4s 24p SCZDO)5s 3Do 1 163268.92 4s24p 3(2DO)4d Ipo 3 196286.2:3 
2 16.'J 6:iJ5.84 
3 165053.45 4s24p 3(2nO)5p 3p 2 198 107.7B 

0 198 788.86 

4s24p 3epO)4d In° 2 165463.40 1 198824.35 

4s24psepo)4d 3n° 1 170202.30 4s24p s(2nO)5p ID 2 202895.94 
2 172465.48 
3 174830.66 4s24p s(2PO)5p 3D 1 207247.01 

2 208508.99 

4s24p ScznO)5s In° 2 170898.94 3 209868.53 

4s 24p S(2P>}1d 3po 0 171 995.87 4s24p 3(2DO)5p 3S 1 208609.54 
1 172983.11 
2 176790.75 4s 24p S epa) 5p 3p 1 209284.41 

0 209786.34 
4sZ4p 3(2p<')4d 9r 3 174450.95 2 213057.53 

4 175042.98 
2 175211.16 4s 24p 3 epO) 5p ID 2 212 123.41 

4S24p S(4S0)5p 5p 1 175 543.82 4s24p 3(2pO)5p' Ip 1 212263.74 
2 175 778.64 
3 176520.02 4s 24p S(4S0)6s 58° 2 215521.17 

4S24p S(2pO)5s 3pa 0 178243.52 4S24p 3(4S0)5d 5Do 0 216500.19 
1 178259.01 1 216514.20 
2 180247.09 2 216528.22 

3 216544.54-
4s 24p 3(4S0)5p sp 1 179 628.83 4 216604.06 

2 180082.95 
0 180237.12 4s 24p 3(4S0)5d 3Do 2 217375.56 

1 219294.34 
4s 24p 3CZpa)5s lpo 1 181 263.46 3 220758.83 

4s24p3enO)4d 3so 1 182264.93 4S24p s(4so)6s 38° 1 221 842.30 

4s24p 3(2pO)4d Ipo 3 182966.83 4s24p 3(2nO)6s 3n° 2 233 110.53~ 
3 234566.10 

4s24p 3eDO)4d sn° 3 184891.82 
2 188569.14 4s24p 3enO)5d IDo 2 233346.287 
1 190226.21 

4s 24,V 3(2nO)6s Inc 2 236182.57? 
4s 24p 3enO)4d spa 2 185688.63 

4s24p s(2nO)5d r 1 237970.03 
4s 24pscznO)4d Ipo 1 188233.23 

4s 24p a~Do)5d 2° 2 288007.22 
4s24p3enO)5p sn 1 190723.58 

2 193855.36 4s24p s(2pa)6s spa 1 249166.88 
3 195478.00 2 250910.73 

4s 24p3enO)5p 3F 2 192 701.85 4p 6 IS 0 252 115.52 
3 193 825.10 
4 195674.50 4s24p3epo)6s lpo 1 252460.02 

4s24p S(2DO)4d IDo 2 193651.72 4s24p SenO)5d IGO 4 253356.26 

4824p 3(2nO)5p 
.................... "' ........... .......... ................ 

Ip 1 194120.2D Kr IV (4S312) Limit 298020 
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Kr IV 

=36 

S I isoelectronic sequence 

>nization energy 423400 ± 1600 (52.5 ± 0.2 eV) 

With a Z -pinch light source Fawcett and Bromage 
1980] obselVed 22 lines of the array 4s24p 3_4s24p 24d, 6 
nes of 4s 24p3_4s4p4, and 4 tentative identifications of 
~24p3 - 4s24p25s. The 4s24p3 4so - 4s4p4 4p multiplet was 
reviously reported by Boyce [1935]. 
The 4s 24p 3_4s4p 4 array was greatly extended by 

'ersson and Pettersson [1984] with observations of a 
heta-pinch discharge. They classified 31 lines in the 
ange of 611 -1171 A, measured with an· uncertainty of 
!:: 0.01 A for weak lines and ± 0.005 A for the strong 
meso We give their values fOT the 4.~24p3 and 4.\'4p4 lev-
:Is, and derive values for the 4s24p24d and 4s24p25s levels 
rom the classified lines of Fawcett and Bromage. 

The value for the ionization energy was calculated by 
~jnkelnburg and Humbach [1955] by extrapolation of the 
~ffective charge on the residua~ ion. 
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Krw 

Configuration Tenn J Level (em-I) 

4s 24p 3 48° 3/2 0.0 

4s 24p 3 2DO 312 17036.8 
5/2 18699.9 

4s 24p 3 2po 1/2 31055.2 
312 33404.9 

4s4p 4 4p 512 118 760.4 
3/2 122426.4 
1/2 124 109.3 

J. Phys. Chem. Ref. Data, Vol. 20, No.5, 1991 

Configuration 

4s4p· 

4s4p4 

4s4p4 

4s24p 2ep)5s 

4S24p2(OP)4d 

4s 24p 2ep)4d 

48 24p Z(3p)4d 

4S24p2caP)5s 

4s24p ZctD)4d 

4S23p 2caP)4d 

4S23p ZctD)4d 

4s 24p 2ctS)4d 

................... 
Krv (dPo) 

Kr w - Continued 

Tenn J Level (em-I) 

2D 31z 145 771.4 
5/2 146644.1 

Zp 3/2 163443.5 
l/Z 166 159.7 

28 1/2 173 951.3 

4p lh 200 381? 
512 208069? 

-4p fila 201 426 
3/2 202372 
l/Z 204733 

2p 3/2 205403 
112 210352 

2D 3/1. 2076041 
5/2 211687 

2p 1/2 208920? 
3/2 213571? 

2D 512 217420 
31z 217558 

2F 5/2 219994 
7/2 221 186 

2p 1/2 224217 
3/2 227645 

'2n 5/2 231 940 
3/2 232806 

............ . .......... .................. 
Limit 423400 

-



ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 

Krv 

:6 
~iJjsoelectronic sequence 

'~found state 1s22s22p63s23p63dl04s24p23Po 

f,~I1i7:ation energy 521800 ± 1600 cm-
1 

(64.7 ± 0.2 eV) 

F wcett and Bromage [1980] classified 29 lines of this 
!,tspe~rum in the ~ange o~ 463 - ~10 A, which they ob
:;,~~eIved w. ith a Z -pmch devIce. TheIr measurement uncer
~'{lntyis ±0.03 A. All levels of the 4s 24p2 configuration 

new levels 4s 24p2 ISo and 4s 24p4d 1py' We also give tIl 
calculated percentage compositions for the levels. 

e~~ept for ISO were found. In 4s4p3 only the 5S2 and 30Y 
. ' ate missing. and in 4p4d the 3po and Ipo terms were not 

The value for the ionization energy was calculated 
Finkelnburg and Humbach [1955] by extrapolation of: 
effective charge on the residual ion . 

References found. 
The spectrum was reobserved by Trigueiros et al. 

Fawcett, B. C., and Bromage, G. E. [1980J, J. Phys. B 13, 2711. 
FinkeInburg, W., and Humbach, W. [1955], Naturwiss. 42, 35. 
Trigueiros, A. G., Pagan, C. J. B., Pettersson, S. G., and Re 

[1989] with a theta-pinch light source in the range of 
432-2000 A. with an uncertainty of ±0.01 A. We quote 
their improved values for the levels and include their two Almandos, J. G. [1989], Phys. Rev. A 40, 3911. 

Krv 

Configuration Term J Level (cm -I) Leading percentages 

4s 24p2 3p 0 0.0 98. 

1 3 742.86 100 
2 7595.34 96 

4s 24p2 ID 2 19 722.93 96 

4s 24p2 IS 0 39203.92 98 

4s4p 3 3Do 1 129658.16 86 9 4s 24p4d 3Do 

2 129779.27 85 8 " 
3 131 016.42 90 10 If 

4s4p 3 3pe 0 147925.28 90 10 4sZ4p4d 3po 
1 148286.78 86 6 " 
2 148668.41 77 6 4s4p 33Do 

4s4p 3 IDo 2 163387.17 50 31 4s 24p4d IDo 

4s4p 3 3SO 1 185063.54 64 36 4s4p 3Ipo 

4s4p 3 lpo 1 194041.06 46 29 4s4p 33So 

4s 21p1d 3po 2 211 886.57 58 9 4.s4p !t 9D" 

1 213932.87 56 34 4s 24p4d 3Do 

0 216420.28 90 10 4s4p 33po 

4s24p4d IDo 2 216874.54 40 44 4s4p 31Do 

4s 24p4d aDo 1 218746.81 66 32 4s24p4d 3po 

3 219381.57 88 10 4s4p 33Do 

2 219823.27 66 14 4s24p4d IDo 

4s24p4d lye 3 234120.87 100 

4s 24p4d Ipo 1 237720.58 74 17 4s4p 3Ipo 

....................... ............... ........ . ...................... 
Kr VI (2Pl/2) Limit .';21 800 
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Krvi 

Z=36 

Ga I isoelectronic sequence 

Ionization energy 633100 ± 1600 cm-1 (78.5 ± 0.2 eV) 

Fawcett et al. [1961] have observed the arrays 
4s24p _4s4p2 and 4s24p -4s24d by means of a Z-pinch 
device. They identified eight lines of this ion with an 
uncertainty of ± 0.03 A. By means of beam-foil excita
tion Druetta and Buchet [1976] observed the same lines 
as well as three additional: the 4s24p 2pt12.312-4s4p2 2S112 
and the 4s24p 2POm-4s4p2 2Dm line, with an uncertainty 
of ± 1 A, estimated from their ground term interval com
pared with Fawcett et al. and their measurements of 
Kr VIII compared with those of Reader et al. [1991]. 

Livingston [1976] identified the 4s4p2 4p - 4p3 480 mul-
tiplet in a beam-foil spectrum, but no connection to the 
doublet system of levels. 

A Il~W set of measurements of 15 lines in the wave
length range 450 - 956 A with an uncertainty of ± 0.01 A 
was reported by Trigueiros et al. (1988) from a theta 
pinch discharge. We use these results to derive the dou
blet levels of 4s24p, 4s4p2, 4s24d, and 4s25p, and quote 
their percentage compositions. 

In a beam-foil experiment Tauheed et al. [1990] were 
able to observe the intersystem transitions 4s24p 

2po _ 4s 4p 2 4p and 484p 2 2,4p - 4p 3 4So as well as other 
new lines of this spectrum, 22 in all, with an uncertainty 
of ±0.2 to ±0.5 A. We give their values for the 4s4p2 4p, 
4p 3 4S0, 2Do and 2po, 4s25s 2S and 4s24[ 2F levels. 

The value for the ionization energy was calculated by 
Finkelnburg and Rumbach [1955] by extrapolation of the 
effective charge on the residual ion. 
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KrVI 

Configuration Term J Level (em-I) Leadingpereentages 

4s24p 2po 112 0 
3/2 8108 

4s4p2 4p 112 107830 
3/2 111 180 
5/2 115 470 

4s4p2 2D 3/2 141 673 86 12 4s 24d 2D 
5/2 142 728 86 13 " 

4s4p2 2S 1/2 167 795 94 5 4s4p22p 

4s4p2 2p liz 180337 94 5 4s4p 22s 
3/2 183 815 98 

4s24d 2D 3/2 222 125 86 13 4s4p22D 
6/2 223 037 86 13 " 

4s 25s 28 112 275340 

4p 3 2DO 3/2 276030 
512 278060 

J. Phys. Chem. Ref. Data, Vol. 20, No.5, 1991 



ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 885 

Kr VI - Continued 

Configuration Term J Level (em-I) Leading percentages 

4p 3 4S0 3/z 278750 

4p 3 zpo liz 
312 305360 

4sz5p zpo liz 326724 
3/z 328965 

4s z4f 2~ 712 397340 
5/2 398960 

........................ ............... ........ ...................... 

Kr VII eSo) Limit 633 100 



Kr VII 

Z=36 

Zn I isoelectronic sequence 

Ionization energy 895300 ± 2400 cm-1 (111.0 ± 0.3 eV) 

Fawcett et ale [1961] classified the resonance line 
4S 21S0-4s4p Ipf at 585.37 ± 0.03 A and the 
4s 4p 3Pi - 4p 2 3P2 line at 618.67:t 0.03 A using a Z -pinch 
device. Druetta and Buchet [1976] classified nine addi
tionallines belonging to the 4s4p -4p2 and 4s4p -4s4d 
arrays from beam-foil spectra measured with an uncer
tainty of ± 0.4 A. 

Pinnington et aZ. [1984] reobsetved the spectrum gen
erated by beam foil and identified the intersystem transi
tion 4S 21S0-4s4p 3pf at 832.8±0.2 A. This enabled 
them to derive the energy levels of 4s4p, 4p2, and 4s4d. 

Trigueiros et al. [1986] obsetved the spectrum with a 
theta-pinch light source in the range of 430 -1000 A 
Nith a wavelength uncertainty of ±0.01 A. They mea
mred 22 lines, 13 of which were new. With these data 
:hey redetermined the energy levels, revising three of the 
mown levels and reducing the uncertainty in the values 
)f all the levels to ±3 cm- I • They also give the percent-
1ge composition of the levels. 

In a crossed beam of Kr ions colliding with He or H2, 
30uchama et al. [1989] identified radiation of Kr VII, in
:Iuding 14 lines measured with an uncertainty of 
t 0.5 A. They tentatively identified them as n = 4 - 5 
ransitions and derived five levels of the 4s 5s, 4s 5p, and 
s 5d configurations. Trigueiros et al. [1989] also reported 
= 4 - 5 transitions, obsetved in a theta pinch with an 
ncertainty of ± 0.01 A, and derived levels of 4s 5s and 
sSp. Several level values disagree with those of 

Bouchama et aZ., namely the 4s 5s ISO and the 4s 5p IPf 
and 3P8. Newly observed lines by Pinnington et al. [1991J 
support the levels of Bouchama. Pinnington el ale added 
levels of 4s5d and 4s4f. 

We take the levels of 4s4p, 4p2, and 4s4d configura
tions from Trigueiros et al. [1986], those of 4.r Ss and 4.r 5p 
from Trigueiros et al. [1989], and the 4s5d and 4s4flevels 
from Pinnington et a1. [1991]. The disputed 4s 5s ISO and 
4s Sp Ipy and 3p8 levels are also from Pinnington et al. 
The percentage compositions are from Trigueiros et al. 
[1986]. 

The value for the ionization energy was calculated by 
Finkelnburg and Humbach [1955J by extrapolation of the 
effective charge on the residual ion. 
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Kr VII 

Configuration Term J Level (em-I) Leading percentages 

4s 2 IS 0 0.0 98 

4s4p 3po 0 117389.6 100 

1 120094.8 100 

2 126553.0 100 

4s4p Ipo 1 170835.0 100 

4p2 3p 0 274931.7 98 
1 279414.5 100 

2 288 190.2 72 22 4pZlD 

4p2 ID 2 279 714.8 62 27 4p 23p 

4 2 p IS 0 321 794 
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ENERGY LEVELS OF KRYPTON, KR I THROUGH KR XXXVI 88 

Kr VII - Continued 

Term J Level (em-I) Leading percentages 

1 349 973.1 100 

2 350416.8 100 

3 351 116.2 100 

,~$'4d 
In 2 379488.3 85 

';,~5s 
38 1 438643.9 

/1s5s 
18 0 447400 

4s5p 
3po 0 492810 

1 493250 
2 495578.4 

4s5p 
Ipo 1 497760 

4s4f 3F' 2 530380 
3 530550 
4 530820 

4s5d 3n 1 578520 
2 578 770 
3 579 150 

4s5d In 2 583320 
...................... 

Kr VIII fSlf<l) Limit 895300 



KrVIII 

Z=36 

Cu I isoelectronic sequence 

Ionization energy 1014665 ± 25 cm-1 (125.802 ± 0.003 eV) 

The 4s - 4p resonance lines were first identified by 
Fawcett et al. [1961] in a Z -pinch discharge. Using a 
beam-foil light source Druetta and Buchet [1976] identi
fied the three 4p - 4d lines, and with a similar device 
Livingston et ale [1980] observed 20 more lines of this 
spectrum, including the transitions 4d -4[, 4[ -5g, 
5g - 6h, and 6h -7i. The very weak 4p - 5d lines were 
identified by McPherson et ale [1987] by multiphoton ex
citation of neutral krypton. In this unusual form of exci
tation these lines were very strong. 

By means of a low-inductance vacuum spark Reader et 
ale [1991] observed the spectrum from 115 A to 696 A 
with a wavelength uncertainty of ± 0.008 A. They identi
fied and classified the inner-shell transition arrays 
'3d 104s -3d94s4p and 3d 104p -3d94p2, and added to the 
known one-electron classifications. Combining their data 
with measurements in the range of 1059 A to 1929 A ob
tained by Gallardo et ale [1989] with an uncertainty of 
± 0.02A, they redetermined the values of all the energy 
levels. Earlier identifications of the 4f - 5g lines by Liv
ingston et ale and a 5p - fu' line by Gallardo et ale were 
revised. The energy level uncertainty for the one-elec
tron levels varies from ± 2 to ± 60 cm -1, and that of the 
inner-shell excited levels is ± 50 cm -1. Reader et ale 

derived the value for the ionization energy by averaging 
values obtained from one-electron Rydberg series and 
from polarizing series. We give their results. 

The transition array 3d 104s-3d94s4p observed by 
Reader et ale contains only lines arising from upper lev
els with] = 1/2 and 3/2 because of the constraint of the 
lower level] value of Ih. For a similar reason levels of 
the 3d94p2 are limited to] values of Ih to she Reader et 
ale have derived the percentage composition of these lev
els from a fitted calculation of the radial energy inte
grals. 
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Kr VIII 

Configuration Term J Level (em -1) Leadingpereentages 

48 2S 1/2 0.0 

4p 2po 1/2 143695.3 
3/2 153476.1 

4d 2D 3/2 374046.5 
5/2 375381.0 

5s Zs liz 4~U 09U.~ 

5p 2po 112 546683.7 
3/2 550448.0 

4f 2~ 512 562763.8 
7/2 562738.1 

5d 2D 3/2 641 075.6 
5/2 641 623.1 

6s 2S 112 692482 i 
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ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI SS! 

Kr VHI - Continued 

.:.--::=: 
Configuration Term J Level (em-I) Leading percentages 

6p 
2po 1/2 720565 

3/2 722429 

5j 
2~ 612 724997.3 

7/2 725010.6 

5g . 
2G 7/2 733086.4 

9/2 733 104.8 

6d 
2D 3/2 768898 

6/2 769 179 

3d9fD)4s4p(3po) 4po 312 782852 82 9 3d 9fD)4s 4p capo) 4Do 

l/Z 789316 91 5 " 

3d 9CZD )4S 4p (op<') 4r 312 713131563 92 5 3d 9CZV)4s4pep"') "P'" 

7s 2g l/Z 796490 

3d9fD)4s 4p (3pO
) 

2Do 312 797213 52 24 3d 9~D)4s 4p (3po) 2po 

3d9fD)4s4PcaPO) Zpo 3/2 801134 61 28 3d9fD)4s4pcapo) 4Do 

l/Z 801545 93 5 3d9CZD)4s4pepO) 4po 

3d9fD)4s4Pcapo) 4Do l/Z 803335 93 4 3d 9CZD)4s 4p caPO) 4po 
312 807161 49 38 3d9CZD)4s4pepO

) zDo 

7p zpo l/Z 812506 
3/z 813577 

6h zHo 9/z,11/2 819482.0 

3d 9CZD)4s4PctPO) Zpo 312 837191 94 3 3d9CZD)4s4pepO) Zpo 
liz 846181 98 3d9CZD)4s4p(3pO

) 4Do 

7d ZD 312 840501 
6/z 840686 

8s Zg l/z 857086 

8p 2po 3/z. . 8676f}4 

7i zl I1/Z, 13/2 871 319.5 

3dgeD)4p2eD) 28 l/Z 951 580 61 16 3dgeD)4pz(lD) zp 

3d9CZD)4pZ(1D) 2p 3/z 953414 66 12 3d9CZD)4p2caP) 2p 
1/2 962734 61 9 

3d9CZD)4p2CSP) 4F 3/z 964 107 70 24 3d9fD)4p 2ep) 2D 

3d9CZD)4p 2(3p) 2D 312 966219 50 22 3d9~D)4p2caP) 4F 
6/2 975878 56 30 3d9(2D)4p 2ctD) 2D 

3d9(2D)4pZ(lD) zD 3/Z 970784 49 19 3d9CZD)4pZep) 4p 

3d 9(ZD)4p 2ep) 4p 3/z 976569 58 16 3d
g
eD)4p 2ctD) ZD 

112 979794 77 20 3d geD)4p 2ep) zp 



Kr VIII - Continued 

Configuratiun Term J Level (em-I) Leading percentages 

3d 9~D)4p 2(3p) 2p 1/2 977863 70 13 3dDfD)4p2ep) 4p 
3/2 980229 77 8 " 

3d 9CZD)4p 2ctS) 2D 612 1 005591 91 3 3dDeD)4p 2ctD) 2D 
312 1 015205 92 3 " 

......................... ............... . ....... ...................... 
Kr IX ctSo) Limit 1014665 

J. Phys. Chern. Ref. Data, Vol. 20, No.5, 1991 



ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 

Kr IX 

89" 

~ ;;''isoelectronic sequence 

Braund state ls22s22p63s23p63dl0 ISO. 

'fQpization energy 1862900 ± 800 em-I (230.85 ± 0.10 eV) 

rThe three resonance lines from the 3d94f configura-
ti~n were reported by Fawcett and .~abriel [1964] w!th 
lin uncertainty of ± 0.03 A. Those aflsmg from the 3d 4p 
cOJlfiguration were measured by F. W. Paul and pub
lished by Moore [1952] with no uncertainty given. These 
six lines have been remeasured by Reader et al. [1991] 
with an uncertainty of ± 0.005 A and are used to deter
mine the energy levels. These authors also gave the per
centage composition of the levels. We .give their results. 

The value for the ionization energy was calculated by 
Kim [1968] from observations of three 3d 10 ISO - 3d9nf 
lines at 77.9 A, 67.0 A, and 62.2 A, presumably of the Ipy 
series. No estimate of the uncertainty is given. 
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KrIX 

Configuration Term J Level (em-I) Leading percentages 

3d 1O IS 0 0 

3d 94p 3po 1 849553 93 6 3d 94p 3Do 

3d94p lpo 1 864 020 76 24 3d 94p aDo 

3d94,p 3Do 1 869959 70 23 3d91p lpo 

3d 94f 3po 1 1302270 92 8 3d 94f 3Do 

3df)t,lf aDo 1 1310680 87 7 3d 9V 3 po 

3d94f lpo 1 1325290 93 5 3d94f 3Do 
a. ••••••••••••••••••••••• ............... ••••••• l1li . ..................... 

Kr X eD6J2) Limit 1862900 



Krx 

Z=36 

Co I isoelectronic sequence 

Ionization energy 2 163 000 ± 22 000 cm -1 (268.2 ± 3 e V) 

Fawcett and Gabriel [1964], using a theta pinch 
device, identified five lines belonging to the transition 
array 3d9 

- 3ds4p. The observations were greatly ex
panded with a low-inductance vacuum spark by Reader 
et al. [1985]. They measured 46 lines in the range of 
91-104 A with an uncertainty of ± 0.005 A and classi
fied them in the above array, as well as identifying the 
two principal lines of the multiplet 3p63d92D-
3p53d10 2po. These authors have calculated eigenvectors 
for the mixture of these configurations and give percent
age compositions in both LS and hi-coupling. We quote 
their results and give their LS designations. 

Configuration Term J Level (em-I) 

3p 63d 9 2D 512 0 
3/2 10367 

3p 63d scaF)4p 4DO 3/2 965513 

3p 63d S(3F)4p 4Go 5/2 966252 

3p 53d 1O 2po 3iz 968510 
1/2 1044 605 

3p 63d S(3F)4p 3/2 971 691 

3p 63d scaF)4p 2? 7/2 972410 

3p 63d seF)4p 2Do 5/2 973832 

3p 63d seF)4p 5/2 978945 

3p 63d seF)4p 4? 7/2 980534 
3/2 983596 

3p 63d seF)4p 2Go 7iz 983099 

3p63d S4p 5/2 986513 

3p 63d Sep)4p 4po 3/2 987902 

3p 63d s4p 5/2 988265 

3p63dSeD)4p 2? 5/2 993739 
7/2 999248 

3p 63d SeD)4p 312 998883 

J. Phys. Chem. Ref. Data, Vol. 20, No.5, 1991 

The value for the ionization energy was calculated 
with the Cowan [1981] HFR code. 
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Krx 

LeadWngpereentages 

42 27 3p53dlo 2po 

75 8 3p s3d seF)4p 4? 

54 31 3p s3d seF)4p 4Do 
68 16 3pS3dSeD)4p 2po 

25 3p s3d seF)4p 2Do 21 3p63dSeD)4p 2Do 

46 34 3p 63d seF)4p 4? 

46 26 3p 63d seF)4p 4? 

34 3p 63d seF)4p 4? 26 3p 63d seF)4p 2Do 

41 44 3p 63d S(3F)4p 2~ 
42 24 3p63dSep)4p 4po 

72 15 3p63dS(3F)4p 4Go 

31 3p63dscaF)4p 2? 21 3p 6ad seF)4p 2Do 

43 38 3p 63d seF)4p 2n° 

32 3p 63d seF)4p 2? 26 3p 63d Sep)4p 4po 

49 39 3p 63d Sep)4p 4po 
49 24 3p63dSeG)4p 2F' 

36 3 63ds ID 4 p ( ) p 2Do 22 3 63d s 3 4 p (F) r 2Do 



ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 

Kr x - Continued 

configuration Term J Level (cm- ) Leading percentages 

3p63dsctD)4P 
2po 1/2 999829 55 23 3p 63d 8(3p)4p 2po 

3/2 1007768 43 24 3p63d8ctD)4p 2Do 

3p63d8ctD)4p 
2DO 5/2 1001691 50 25 3p 63d Srp)4p 2Do 

3p 63d Sep)4p 4Do 31z 1 003790 51 12 3p 63d S(3F)4p 4Do 
liz 1003879 71 12 3p 63d 8rF)4p 4Do 
71z 1007600 50 43 3p63d8(lG)4p 2p> 

3p63d84p 5/2 1007410 32 3p 63d 8ep)4p 4n° 18 3p63d8eD)4p 2Do 

3p 63d Sep)4p 2po l/Z 1 013897 53 20 3p53d10 2po 
31z 1015092 54 24 3p63d8rp)4p 2Do 

3p B3d 8(3P)4p 2Do 5/2 1 015092 52 35 3p 63d8ep)4p 4Do 
3/2 1 018468 63 13 " 

3p63d84p 7/z 1 016153 40 3p63d8ctD)4p 2J4tO 28 3.p 63d scaP)4p 4Do 

3p B3dSctG)4p 2J4tO 5/2 1020095 73 10 3p 63d 8e D)4p 2po 

3p 63d Sep)4p Zso 1/2 1021383 91 3 3p63dlO 2po 

3p 63dSctG)4p 2Go 7/2 1030797 92 8 3p63d8eG)4p 2po 

3p63d SctS)4p 2po 31z 1089708 96 1 3p63deD)4p 2po 

...................... .......... .......... ..................... 
Kr XI eF4) Limit 2163000 



Krxi 

Z=36 

Fe I isoelectronic sequence 

Ionization energy .2486 000 ± 25 000 cm -1 (308.2 ± 3 e V) 

No energy levels have been reported for this ion. 
The value for the ionization energy was calculated 

with the Cowan [1981] HFR code. 

Reference 

Cowan, R. D. [19811 The Theory of Atomic Strncture and Spectra, 
(Univ. California Press, Berkeley, CA). 

Kr XII 

Z=36 

Mn I isoelectronic sequence 

Ionization energy 2824000 ± 28000 cm-1 (350.1 ± 3 eV) 

No energy levels have been reported for-this ion. 
The value for the ionization energy ~as calculated 

with the Cowan [1981] HFR code. 

Reference 

Cowan, R. D. [1981], The Theory of Atomic Structure and Spectra, 
(Univ. California Press, Berkeley, CA). 

KrxlII 

Z=36 

Cr I isoelectronic sequence 

Ionization energy 3 153 000 ± 32 000 em -1 (390.9 ± 4 e V) 

No energy levels have been reported for this ion. 
The value _ for the ionization energy was calculated 

with the Cowan [1981] HFR code. 

Reference 

Cowan, R. D. [1981], The Theory of Atomic Structure and Spectra. 
(Univ. California Press, Berkeley, CA). 
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ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 

Krxlv 

Z==36 

V I isoelectronic sequence 

Ground state 1s22s21p63s23p63dS 6SS/2 

Ionization energy 3 602 000 ± 36 000 cm -1 (446.6 ± 4 e V) 

No energy levels have been reported for this ion. 
The value for the ionization energy was calculated 

with the Cowan [1981] HFR Code. 

Reference 

Cowan, R. D. [1981], The Theory of Atomic Structure and Spectra, 
(Univ. California Press, Berkeley, CA). 

Kr·xv 

Z=36 

Ti I· isoelectronic sequence 

Ionization energy 3 967 000 ± 40 000 cm -1 (491.8 ± 4 e V) 

No energy levels have been reported for this ion. 
The value for the ionization energy was calculated 

with the Cowan [1981] HFR code. 

Reference 

Cowan, R. D. [19811 The Theory of Atomic Structure and Spectra, 
(Univ. California Press, Berkeley, CA). 

Krxvi 

Z=36 

Sc I isoelectronic sequence 

Ionization energy 4361000 ± 44000 cm-1 (540.7 ± 5 eV) 

No energy levels have been reported for this ion. 
The value for the ionization energy was calculated 

with the Cowan [1981] HFR code. 

Reference 

Cowan, R. D. [1981], The Theory of Atomic Structure and Spectra, 
(Univ. California Press, Berkeley, CA). 

8! 



Kr XVII 

Z=36 

Ca I isoelectronic sequence 

Ionization energy 4771000 ± 48000 cm- 1 (591.5 ± 6 eV) 

No energy levels have been reported for this ion. 
The value for the ioni:£ation energy was calculateu 

with the Cowan [1981] HFR code. 

Reference 

Cowan, R. D. [1981], The Theory of Atomic Structwe and Spectra, 
(Univ. California Press, Berkeley, CAl. 

Kr XVIII 

Z=36 

K I isoelectronic sequence 

Ionization energy 5 169000 ± 52000 cm- 1 (640.9 ± 6 eV) 

Wyart and the TFR Group [1985] observed the array 
3p 63d - 3p 53d2 and derived the ground state splitting 
and four levels of the upper configuration. Wavelengths 
in the range of 91 - 94 A were measured with an uncer- . 
tainty of ± 0.015 A. Kaufman et al. [1989] reported ob
servations of the same array with a tokamak discharge 
and measured the wavelengths with an uncertainty of 
±0.005 A. They obtained two additional levels of 
3p 53d2

, the eF) 2F~/2 and eO) 2F712 levels. Wyart et al. 
found the 3p63d - 3p 64f doublet at 35 A. We use the lev
els derived by Kaufman et ale for the ground term and 
the 3p53d2 configuration, with an uncertainty of 60 em-I, 
and the levels of Wyart et al. for the 3p 64f term. 

The value for the ionization energy was calculated 
with the Cowan [1981] HFR code. 
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Configuration 

3p 63d 

3p 5epO)3d 2eF) 

3p 5epO)3d 2ctG) 

3p 5~pO)3d2rp) 

3p 5epO)3d 2caF) 

3p 6 4J 

................... 
Kr XIX ctSo) 

Kr XVII[ 

Term J Level (em-I) 

2n 3/2 0 
6/2 15694 

2:p> 5/2 980380 

2? 112 1022440 

2po 1/2 1075860 
3/2 1094200 

2Do 312 1084470 
512 1086940 

2? 112 2840800 
5/2 2841 700 

. ........... . ......... ................ 
Limit 5 169000 



Z=36 

ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 

Krxlx 

Ar I isoelectronic sequence 

Ionization energy 6339000 ± 63000 cm-1 (785.9 ± 8 eV) 

Wyart and the TFR Group [1985] reported obselVa
tions of the two resonance lines 3p 6 ISo-3p53d Ipl, 3Dt 

at 96.263 A and 118.546 A, respectively. The spectrum 
was reobselVed with a tokamak discharge by Sugar et al. 
[1987] who gave wavelengths for these lines of 96.232 A 
and 118.667 A with an uncertainty of ± 0.010 A. We use 
these improved values to derive energy levels with an 
uncertainty of ± 100 em-t. 

KrXIX 

The value for the ionization energy was calculated 
with the Cowan [1981] HFR code. 

Configuration 

3s 23p 6 

3s23p 53d 

3s 23p 53d 
References ................... 

Cowan, R. D. [1981], The Theory of Atomic Structure and Spectra, 
(Univ. California Press, Berkeley, CA). 

Sugar, J., Kaufman, V., and Rowan, W. L. [1987], J. Opt. Soc. Am. B 4, 
1927. 

Wyart, J. F., and TFR Group [1985], Phys. Scr. 31, 539. 

Kr XX 

2=36 

CI I isoelectronic sequence 

Ionization energy 6719000 ± 67000 cm-1 (833.0 ± 8 eV) 

Kr xx fP3/2) 

Term J 

IS 0 

3Do 1 

Ipo 1 
............ .......... 

Limit 

897 

Level (em-I) 

0 

842690 

1 039160 
................ 

6339000 

Kaufman et al. [19R9] have derived a value fOT the 2po 

ground state splitting by fitting the known data along the 
isoelectronic sequence to a polynomial expression. They 
find the value 87 287 ± 50 em -1, which differs signifi
cantly from the Ml line reported by Roberts et al. 
[1987]. We quote the value by Kaufman et at. 

Roberts. J. R.. Pittman. T. L.. Sugar. J .• Kaufman. V .• and Rowan, 
W. L. [1987], Phys. Rev. A 35, 2591. 

The TFR Group and Wyart [1988] have classified four 
lines of the array 3s l 3p s - 3s l 3p43d in the range of 
99-104 A, which they measured with an uncertainty of 
± 0.02 A. The same transitions were obselVed in a toka
mak plasma by Kaufman et al. and measured with an 
uncertainty of ±O.005 A. We give the levels derived by 
the latter group with an uncertainty of ±50 em-I. 

The value for .the ionization energy was calculated 
with the Cowan [1981] HFR code. 

References 
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Krxx 

Configuration Term J Level (em-I) 

3s23p 5 2po 3/2 0 
Iff). [872871 

3s 23p4(1D)3d 2S 1/2 97680 

3s ?3p"CP)3d ?P 91z 1 003410 

3s23p 4ep)3d 2D 5/2 1 008510 
3/2 1 084 750 

................... ............ .......... ................ 

Limit 6719000 



Kr XXI 

Z=36 

S I isoelectronic sequence 

Ionization energy 7 129 000 ± 70 000 em -I (883.9 ± 9 e V) 

Kaufman et al. [1990] give predicted values for the Ml 
transitions in the ground configuration, which they then 
used to determine the energy levels. The predictions 
were made by graphing corrections to calculated values 
along the S I isoelectronic sequence. Their uncertainty 
~stimates vary from ± 20 to ± 100 cm -I. The value given 
tor the 3pO was obtained from a fitted calculation. We 
iuote these predicted values for the levels of 3s 23p 4. 

Kaufman et al. [1990] have also classified six lines of 
the array 3s 23p4-3s23p 33d in the range of 104-108 A. 
fhey estimate the wavelength uncertainty to be 
± 0.007 A. Taking into account the uncertainty of the 
)redicted values for the levels of the ground configura-

tion, the uncertainty of the levels of 3p 33d is ± 140 em-I. 
They have calculated the percentage compositions of the 
levels, obtained with configuration interaction between 
3s23p33d and 3s3p s. We quote these results. 

The value for the ionization energy was calculated 
with the Cowan [1981] HFR code. 
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KrXXI 

Configuration Term J Level (em-I) Leading percentages 

3s23p4 3p 2 0 84 16 3s 23p4lD 
0 [46900] 65 35 3s 23p 4 IS 
1 [78670] 100 

3s23p4 ID 2 [114820] 84 16 3s23p43p 

3s23p4 IS 0 [225 100] 65 35 3s23p43p 

3s23p 3epO)3d 3po 2 933070 50 15 3s 23p 3(2DO)3d 3Do 

3s23p 3eDO)3d 3po 2 964470 55 15 3s23p3(2PO)3d 3po 

3s23p33d 3 968350 38 3s 23p aeD)3d aDO 30 3s ?3p a("S)3d aD'" 

3s23p33d 2 1 007 100 24 3s 23p 3(2DO)3d 1 DO 21 3s 23p 3(4so)3d 3Do 

3s 23p 3canO)3d l:fO 3 1076100 50 32 3s 23p 3(2po)3d l:fO 

3s 23p 3epO)3d lpo 1 1143760 68 11 3s 23p 3(4S0)3d 3Do 
............................ ................ ........ .................... 

Kr XXII (4S3tl) Limit 7129000 
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ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 

Kr XXII 

Z==36 

P I isoelectronic sequence 

Ionization energy 7 555 000 ± 75 000 cm- 1 (936.7 ± 9 e V) 

Sugar et al. [1990] give the only analysis of this spec
trum in their study of the P I isoelectronic sequence. The 
ground configuration levels were derived from predicted 
Ml wavelengths obtained by graphing the corrections to 
theoretical values. The uncertainty of these energy levels 
is ± 50 cm -1. We quote these predicted values for the 

. levels of 3s 23p 3. 

Six lines of the array 3s 23p 3 - 3s 23p 23d were identified 
in the range of 108 -114 A by Sugar et al. [1990]. The 
wavelength uncertainty is :!: 0.005 A. Taking into account 
the uncertainty of the predicted level values of the 
ground configuration, the uncertainty of the levels of 

3p 23d is ± 120 cm- I
• Percentage compositions for thl 

levels of the ground configuration were given. We quote 
these results. 

The value for the ionization energy was calculated 
with the Cowan [1981] HFR code. 
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Kr XXII 

Configuration Term J Level (em-I) Leading percentages 

3s23p 3 480 312 0 69 22 3s23p3 ipo 

3s23p 3 2n° 3/a [77801] 65 23 3s23p 34go 

512 [106960] 100 

3s 23p 3 2po 112 [153025] 100 
912 [216479] 66 26 3s 2 3p o sUo 

3s 23p,2caP)3d 4p 5/2 895500 
312 908570 

3s 23p 2ctD)3d 2D 312 989810 
512 995430 

3s23p 2ep)3d 2F 712, 1 029 790 

3s 23p 2ep)3d 2D 5/2 1 093630 
........................ ............... . ....... . ..................... 

Kr XXIII caPo) Limit 7555000 



Z=36 

Si I isoelectronic sequence 

Ionization energy 8047000 ± 80000 cm-1 (997.7 ± 10 eV) 

The levels of the ground configuration 3s23p2 are de
termined completely by measured and interpolated Ml 
lines. The following transitions have been measured: 

3po_ 3P1 1462.65 ± 0.03 A Benjamin et al. [1987] 
3P1 - 3P2 3840.9 ± 0.3 A Roberts et al. [1987] 
3p 1 _I Dz 853.8 ± 1.0 A Roberts et al. [1987] 

The following was predicted by plotting the observed 
minus calculated M1 wavelength along the isoelectronic 
sequence: 

3pl _Iso 537.2±0.3 A Sugar et al. [1990] 

The above values were used to derive the energy levels 
of the 3s23p2 configuration. 

The TFR Group and Wyart [1988] observed the spec
tra of Kr in a tokamak discharge and classified four lines 
in the transition array 3s23p2 - 3s23p 3d. The measure
ment uncertainty was given as ::t: 0.02 A. Sugar et al. 
identified eleven lines of this array which they measured 
with an uncertainty of ±O.005 A. We give their values 

and designations for the energy levels. ·The uncertainty 
in the levels of the ground configuration varies from 
± 14 cm-1 for the lowest interval to ± 100 cm-1 for the 
ISO. The uncertainty for the levels of the excited configu
ration is ± 120 cm-l. The percentage compositions for 
the levels were calculated by Sugar et al. who included 
configuration interaction between 3s3p 3 and 3s23p3d. 

The value for the ionization energy was calculated 
with the Cowan [1981] HFR code. 
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Kr XXIII 

Configuration Term J Level (em-I) Leading percentages 

3s23p2 3p 0 0 86 14 3s23p 21S 
1 68369 100 
2 94397 59 41 3s23p21D 

3s23p2 ID 2 185490 59 41 3s23p23p 

3s23p2 18 0 [254520] 86 14 3s23p23p 

3s3p 3 38° 1 785644 54 37 3s3p 31po 

3s23p3d 3po 2 872750 51 20 3s 23p3d 3Do 
0 945520 92 a 3s3p!l!tp" 

1 956580 63 22 3s 23p3d 3Do 

3s 23p3d 3Do 1 888210 48 22 3s3p 31po 
3 950580 78 8 3s3p 31po 

3s23p3d 2 938520 39 3s23p3d 3Do 32 3s23p3d IDo 

3s23p3d 2 968860 40 3s23p3d 3po 28 3s 23p3d 3Do 

3s23p3d lpo 3 1026920 89 9 3s23p3d 3Do 
........................ ............... ........ . ..................... 

Kr XXIV e~fl) Limit 8047000 

-
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ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 

Kr XXIV 

Z::::36 

AI I isoelectronic sequence 

Ionization energy 8476000 ± 80000 cm- 1 (1050.9 ± 10 eV) 

Wyart and the TFR Group [1985] identified five lines 
of the transition arrays 3s23p - 3s3p2 and 3s23d. These 
were augmented by five. additional lines by the TFR 
Group and Wyart [1988], including a doubly classified 
line at 152.07 A. The uncertainty of their measurements 
was ±0.02A. 

New observations of this spectrum were made by 
Sugar et al. '[1988] with a tokamak plasma. They mea
sured nine transitions between the doublets of the above 
arrays with an uncertainty of ± 0.01 A, and resolved the 
blend of two close lines at 152.016 A and 152.111 A. 
Their results are quoted here. The level uncertainty is 
±80 em-I. 

With a more powerful tokamak discharge Jupcn et al. 
[1990] were able to observe the intersystem transitions 
3s 23p 2po-3s3p2 4p. The 2Pf!2- 4Pl!2 line, however, is 
blended with the Mg-like intersystem resonance line 

3s2 lSo-3s3p 3py at 242.56 A. Their wavelength uncI 
tainty is ± 0.02 A. We quote their 4p term. 

We calculated the percentage composition of the ev 
levels with configuration interaction between 3s3p2 a 
3s23d. 

The value for the ionization energy was calculat 
with the Cowan [1981] HFR code. 
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Kr XXIV 

Configuration Term J Level (em-I) Leadlngpereentages 

3s23p 2po 112 0 
312 97312 

3s3p? 4p 1/2 412270 92 7 3S3p 211S 

312 464230 98 1 3s3p22D 
5/2 500420 81 18 " 

3s3p2 2D 3/2 579808 82 12 3s23d 2D 
512 611 662 70 19 3s3p24p 

3s3p2 2p I/z 657825 61 33 :J.s3p 223 
312 765062 90 8 3s23d 2D 

3s3p2 2S 112 754727 60 38 3s3p22p 

3s23d 2D 3/2 843013 80 15 3s3p22D 
5/2 856066 87 13 " 

....................................... _ ....... . _------------- ... .. .. .. ~ .. . .. . .. .. ... .. ... .. ... .. . .. .. .. .. .. ... .. .. .. .. .. .. ~ 

Kr xxv (80) Limit 8476000 



Krxxv 

Z=36 

Mg I isoelectronic sequence 

Ground state Is ~ 2'lp 63s 2 ISO 

Ionization energy 9287000 ± 90000 cm-l (1151.4 ± 11 eV) 

The resonance line 3s 2 ISo - 3s 3p lpy was first reported 
by Hinnov [1976] at 159.0 ± 0.5 A in a tokamak dis
charge. An obselVation of the M1 transition 
3s3p 3py_3P2 at 1277.1±1.oA was made by Roberts et 
al. [1987] with a tokamak. Further tokamak obselVations . 
were reported by Wyart and the TFR Group [1985] and 
the TFR Group and Wyart [1988]. In the first paper they 
give 12 lines included in the arrays 3s2 - 3s3p, 4p, 
3s3p -3p2, and 3s3p-3s3d. In the second they reject 
the earlier classifications 3s 3p 3Pf.2 - 3s 3d 3D2 at 
129.895 A and 144.665 A, and identify the transition 
3p~ - 3D2 as 129.36:!: 0.03 ·A. Stewart et al. [1987], using a 
Z -pinch device, obselVed four of these lines and the ad
ditional transition.3s3p 3p8-3s3d 3Dl at 126.96±0.05 A. 

Sugar et al. [1989] reported new measurements from 
a tokamak plasma of five of the eleven lines reported by 
Wyart et al. plus the additional transition at 126.96 A 
given by Stewart et al. The uncertainty of the measure
ments by Sugar et al. is ± 0.005 A. With these new data 
they derived all the levels except 3s3p 3P8,t, 3p23Pt, ID2 
and 3s 3d 3D1• These are derived with the data of Jupen 
et al. [1990] obtained from a high energy tokamak dis
charge. They gave classifications for eight new lines mea
sured with an uncertainty of ± 0.02 A. The combined 
results of Sugar et al. and Jupen et al. provide our level 
values for the 3s3p, 3p2, and 3s3d configurations except· 
for the 3p 2 ISO level. 

Churilovet al. [1989] investigated the isoelectronic be
havior of . levels of the 3p 3d and 3d2 configurations. By 
comparing their transition energies with . theory they 
were able to derive levels in Kr xxv from the tentatively 
classified wavelengths of Stewart et al. [1987] obtained 
with a Z -pinch device. The uncertainty of these mea
surements was ± 0.03 A, giving a level uncertainty of 

J. Phys. Chem. Ref. Data, Vol. 20, No.5, 1991 

± 200 cm -1. Churilov et al. also identified the transition 
3p2 ISo-3p3d Ipf, permitting the ISO level to be found. 
We combined their classified lines with the more accu
rately known lower levels to derive levels of the 3p 3d 
and 3d2 configurations. We calculated the percentage 
composition of the levels by fitting the radial energy inte
grals to the known levels. The calculation included con
figuration interaction among all the even and all the odd 
parity levels. The 3p3d 1Fj level given by Churilov et al. 
and based only on the line at 181.90 A, is low by 
6000 cm -1 according to our calculation. Consequently 
the level 3d2 IG., based only on a transition from the 
3p 3d IF1level, does not fit the calculation. Also we find 
that the level 3p3d 3D~ given by Churilov et al. at 
1 756964 cm-1 should be 1 765500 cm- t • Wyart et al. 
identified the resonance line from the 3s4p IPflevel. 

Cowan [1981] calculated the value for the ionization 
energy with an estimated uncertainty of 1 %. 
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ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 

Krxxv 

i -
Configuration Term J Level (cm-I) Leading percentages 

-

382 IS 0 0 98 2 3p 21S 

3s3p 3po 0 389580 100 
1 4122{)O 05 6 3s3p lpo 

2 490722 100 

383p lpe> 1 632187 94 5 3s3p 3pe> 

3p2 sp 0 930645 86 13 3p21S 
1 1 001 890 100 
2 1 092830 73 17 3p21D 

3p2 ID 2 996610 60 26 3p 23p 

3s3d 3n 1 1 177600 100 

2 1 184970 100 
3 1 196618 100 

3pz 18 0 1 206900 84 14 3pzap 

3s3d ID 2 1 319434 76 22 3p2lD 

3p3d 3p 3 1 645700 90 8 3p3d 3Do 
4 1 715000 100 

3p3d IDo 2 1 664300 45 28 3p3d 3po 

3p3d aDO 1 1689400 72 20 3p3d ape> 

2 1 731 900 41 32 3p3d IDo 
3 1 765500 87 9 3p3d 3~ 

3p3d 3po 1 1 771 700 76 23 3p3d 3Do 
2 1·777000 55 40 " 

3p3d 1~ 3 1 869500? 93 6 3p3d 3Do 

3p3d lpo 1 1 891 300 90 5 3p3d 3Do 

3d2 3F 2 2381900 97 3 3d21D 
3 2396500 100 
4 2 410000 98 2 3d2lG 

3d2 IG 4 2 464 200? 98 2 3d23F 

3s4p lpo 1 4579000 
........................ ............... ........ . ..................... 

Kr XXVI (ZSJI2) Limit 9287000 



Kr XXVI 

Z=36 

Na I isoelectronic sequence 

Ionization energy 9721300 ± 2000 cm- I (1205.3 ± 0.3 eV) 

Hinnov [1976] first identified the 3s - 3p doublet in a 
tokamak plasma. Improved values were given by Wyart 
et al. [1985] for thi!i: donhlet as wen as new measure
ments of 3p -3d, 3s -4p, 3p -4s, 3p -4d, 3d -4/, and 
4f - 5g from tokamak observations. The uncertainty of 
the n = 3 - 4 transitions is ± 0.015 A. 

Reader et al. [1987] fitted the differences between ob
served and calculated wavenumbers of the 3s - 3p , 
3p - 3d, and 3d - 4{ doublets to simple formulas by least 
squares for all ions from Ar VIII to Xe XLIV. By this 
means they derived smoothed values for these transitions 
with an estimated uncertainty of ± 0.007 A. The level 
uncertainties are ± 40 cm -I for n = 3 and ± 2000 em-1 

for n = 4. Burkhalter et al. [1979] have observed the 
2p 639 _2pS3s 2

, 2p 63p -2ps3s3p, and 2p63d -2ps3s3d ar
rays in the range of 7.3 - 7.6 A with a Z -pinch device. 
There is too much blending of lines to permit the deriva
tion of reliable energy .levels from these data. 

We use the n = 3 - 3 wavelengths of Reader et al. plus 
their 3d - 4f value, and the wavelengths of Wyart et ale 
for the remaining n = 3 - 4 transitions to derive the en
ergy levels. 

We derived the limit from the 4f and 5g level positions 
by means of a polarization calculation. 
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Configuration 

3s 

3p 

3d 

4s 

4p 

4d 

4f 

5g 

................... 

Kc nvu eSo) 

Kr XXVI 

Tenn J Level (em -1) 

2S l/z 0 

Zpo l/Z 454413 
312 558678 

2D 3/Z 1 164 182 
612 1 183991 

2S l/z 4402 700 

zpo 1/2 4679700 
3/2 4720300 

aD 312 4947400 
5/2 4955600 

2? 612 5067'200 
7/2 . 5070800 

2G - 7/2 6 751 400 
9/2 6752600 

............ .......... ................ 
LlmU 9721300 . 



Z=36 

ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 

Kr XXVII 

Ne I isoelectronic sequence 

Ground state Is22s 22p6 ISO 

Ionization energy 23616000 ± 24000 cm- I (2928 ± 30 eV) 

Using spectra obtained with a beam-foil device in the 
range of 140 to 270 A, Buchet et al. [1988] established all 
the levels of the 2p 53s and 2p53p configurations and 10 of 
the 12 levels of 2p 53d . No connection was found between 
levels based on the two 2p 5 2pY12 and 2PE12 core states. 
The two systems of levels are given relative to calculated 
values for the 2p53s eh, Ih)f, and 2p 53s Ch, Ih)y, levels at 
13326500 cm- 1 and 13758000 cm- l

, respectively. 

Kr XXVII 

These systems were connected by the 2p6 - 2p53s reso
nance lines measured by Gordon et al. [1979] and 
Burkhalter et al. [1979] at 7 A. These were observed by 
laser excitation and with a Z -pinch device, respectively, 
with wavelength uncertainties reported as ± 0.005 A and 
±0.007 A. Resonance lines 2p6_2p53d and 2s22p6_ 
2s2p 63p were also given. The uncertainty of the Gordon 
et al. measurements is ± 10 000 cm- I

, and they fall 
within 1000 cm-1 of Buchet's calculated values. We use 
the values of Buchet to connect these systems to the 
ground level with an uncertainty of ± 10000 cm-t. 
Within each system the level uncertainties are 
± 500 em -I for the 2p 53s and 3p levels and ± 1000 em - 1 

for the 3d levels. Stewart et al. [1987] observed some of 
these transitions in Z -pinch plasmas and the values were 
compared by Buchet et al. with their own measurements. 

The value for the ionization energy was calculated by 
Cowan [1981] with an uncertainty of 1%. 
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ConfIguration 

2s 22p 6 

2s 22p 5(2P3fl)3s 

2s 22p 5(2P3fl)3p 

2s22p 5eF.fl)3s 

2s 22p 5(2P3fl)3p 

2s 22p 5(2p~fl)3p 

2s 22p 5(2Plfl)3p 

2s 22p 5(2P3fl)3d 

2s 22p 5ep3fl)3d 

2s 22p 5ep1fl)3d 

2s 112p 6(IlPitl)3d 

282p631) 

2s2p 63p 
.................... 

Kr xxvm (2P3fl) 

Term J 

IS 0 

e/2,1/2)0 2 
1 

el2,I/2) 1 
2 

ct/2,ll2t 0 
1 

e/2,3/2) 3 
1 
2 
0 

el2,t!2) 1 
0 

ct/2,3/2) 1 
2 

el2,3/2)0 0 
1 
3 
2 

r%,5/2t 4 
2 
3 
1 

ctl2,312)0 2 
1 

ef2,r;I2Y 2 

3 

[1/2,1/9.)0 1 

el2,3/2)0 1 
............ .......... 

Limit 

Level (em-I: 

( 

1330050( 
1332650( 

13 713 30( 
13 738 20( 

1374530( 
1375800l 

13831 30< 
13835 90< 
1387020( 
14 004 20< 

14 172 30( 
1434430( 

1428290( 
14293601 

14342001 
14369401 
14394 tJOI 
14424301 

14399701 
14401101 
14448201 
14533001 

148401c) 
149280c) 

148573() 
1486970. 

1566200 

1578800 
............. 

2361600 



I I isoelectronic sequence 

onization energy 24760000 ± 250000 cm-1 (3070 ± 30 eV) 

Wyart et al. [1985] classified the two lines of the 
s22p5 - '2s2p6 transition observed at 52 and 68 A ina 
okamak plasma. They were also observed by Dietrich et 
:I. L1986J in a Z -pinch, and by Denne et al. L1989 J in a 
okamak. All are given with an uncertainty of ± 0.03 .A, 
~ithin which the values are all in agreement. Denne et 
!/. observed the Ml line at 223.995 ± 0.030 .A giving the 
po ground term splitting with an uncertainty of 
t 60 cm -1. We give the value for the 2po ground term 
plitting derived from this Mlline and the 'b2p6 2S term 
rom an average.of the '2s 21ps - '2s2p6 measurements. 

With a Z -pinch device Burkhalter et al. [1979] ob
:erved spectra in the range of 6 - 8 A, including the 
'.pl-2p43s, 2pl_1p43d, 'b22pl-'b2pl3p, and 
'.s2p6_2p63p arrays. They estimate the uncertainty of 
:heir measurements to be ± 0.007 A, giving a level un
;ertainty of ± 14000 em-I. They also give the leading 

eigenvector percentage in LS and jj coup1ing, the latter 
giving the purer scheme for most levels. We have com
piled all but the '2s1p 53p levels, which do not reproduce 
the correct ground term interval. 

Cowan [1981] calculated the value for the ionization 
energy with an estimated uncertainty of 1 %. 
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Kr XXVIU 

Configuration Tenn J Level (em-I) Leading percentages 

2s 22p 5 2po 31a 0 
l/Z 446440 

2s2p G ilS 1/2 1 901 350 

2S22p4(3p2)3s (2,1/2) 512 13872000 78 
3/2 13902000 75 

2s 22p 4 (3po)3s (0,1/2) l/z 14039000 51 

2s 22p4caPl)3s (1/Ia) 31a 14292000 99 
1/2 14337000 99 

2s22p4(lD2)3s (2,1/2) 5/2 14407000 78 
3/2 14409000 15 

2s22p 4(3PZ)3d (2,312) 112 14892000 61 
3/2 15 OA2 000 41 

2s 22p 4(3pz)3d (2,512) 312 14977000 57 
5/2 15008000 68 

2S22p4caPo)3d (0,512) 5/2 15092000 47 

2S22p 4caPo)3d (0,3/2) 3/2 15312000 72 

2s 22p4(3pl)3d (l,31a) 5/a 15340000 66 
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ENERGY lEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 9 

Kr XXVIII - Continued 

Configuration Term J Level (em-I) Leading percentages 

2s 22p 4cap 1)3d (1,5/2) 3/2 15374000 60 
5/2 15380000 81 

2S22p 4(1D2)3d (2,3/2) 1/2 15434000 60 
5/2 15466000 63 

2s 22p 4eD2)3d 3/2 15460000 37 2p 4ctD2)3d (2,312) 

2sz2p 4ctDz)3d 5/2 15538000 30 2p4ctD2)3d (2,5/2) 

2s 22p 4(1D2)3d 3/2 15557000 30 2p 4eD2)3d (2,5/2) 

2s22p 4(1D2)3d (2,512) 112 15573000 51 

2s 22p 4(1So)3d (0,3/2) 312 15953000 49 

2p 63p 2po 1/2 18069000 
31z 18175000 

........................ ............... . ....... ...................... 

Kr XXIX caP2) Limit 24760000 



Kr XXIX 

Z=36 

o I isoelectronic sequence 

Ionization energy 26 030000 ± 250 000 cm -1 (3227 ± 30 e V) 

Wyart et aI. [1985] classified three lines of the 
2s22p4_2s2ps array observed in a tokamak plasma. Ob
servations with a Z -pinch by Dietrich et ala [1986] ex
tended the number of classified lines to seven. New 
tokamak observations by Denne et aI. [1989] provided 
seven lines of this array, two of which at 74.663 A and 
86.98 A were newly identified. This group also reported 
two M1 transitions within the $round configuration: the 
3P2-1D2 at 190.515::!:O.030A and the 3P2- 3Pl at 
235.95 ± 0.10 A. Dietrich et ala reported two Ellines that 
were not given by Denne et al. We have used the wave
lengths of Denne et al. to determine the energy levels, 
and supplemented them with the two lines of Dietrich et 
ala The uncertainty of the levels varies from ± 100 to 
± 1000 cm- I • 

Cowan [1981] calculated the value for the ionization 
energy with an estimated uncertainty of 1 %. 
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Configuration 

2s22p4 

2S22p4 

2s2p 5 

2s2p 5 

................... 
Kr xxx (4S3n) 

Kr XXIX 

Tenn J Level (em- l ) 

3p 2 0 
0 160700 
1 423820 

ID 2 524890 

3pe 2 1 674650 
1 1864820 
0 2133800 

Ipo 1 2377700 
............ .......... ................ 

Limit 26030000 



Z=36 

N I isoelectronic sequence 

ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 

Krxxx 

Ground state 1s 22s 22p 3 4S~/2 

Ionization energy 27270000 ± 200 000 cm-1 (3381 ± 25 eV) 

Denne et ale [1989] reported seven lines of the transi
tion array 2s 22p 3 

- 2s 2p 4 observed in the range of 
54-110 A in a tokamak plasma and measured with an 
uncertainty varying from ± 0.02 to 0.05 A. They also 
identified three M1 transitions among the ground config
uration levels: the 4Sj!2 - 2P1!2 at 160.90 ± 0.10 A tenta
tively, the 4Sj/z- 2Ds12 at 205.247±0.025 A, and the 
4Sj/2 - 2Dj'2 at 259.807 ± 0.020 A. The uncertainty in the 
determination of the levels of the ground configuration 
is ±SO em-I, and the average uncertainty for the levels 
of the 2s2p 4 configuration is ± 1000 em-I. We quote 
these results. 

Krxxx 

Cowan [1981] calculated the value for the ionization 
energy with an estimated uncertainty of 1 %. 
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Configuration 

2s 22p 3 

2s 22p 3 

2s22p 3 

2s2p4 

2s2p4 

2s2p4 
. .................. 

Kr XXXI epo) 

Term J 

4so 3/2 

2n° 3/2 

"/2 

2po 1/2 

4p f)/2 

3/2 

1/2 

2n 3/2 

2p 31z 
............ .......... 

Limit 

9 

Level (em-I) 

0 

384900 
487220 

621 500' 

1 391 300 
1 646 580 
1 657 500 

1 955480 

2318860 
................ 

27270000 



Kr XXXI 

?: =36 

:: I isoelectronic sequence 

.onization energy 289900oo:t 300 000 cm 1 (3594:!: 40 eY) 

Denne et al. [1989] reported eight lines of the transi
ion array 2s22p2-2s2p3 observed in the range of 
;6 - 95 A in a tokamak plasma with uncertainties varying 
rom ± 0.02 to 0.05 A. They also identified the Ml tran
ition 2s22p2 epo- 3pl) at 252.001 ±0.020 A, giving an in
erval of 396 820 ± 30 cm -1. The average uncertainty of 
he levels of 21J'2p3 is ±1000cm-1

• 

Martin et ale [1990] observed four lines of the 
s 2'2p 2 - 2s 2p 3 array with a beam-foil source and report a 
ravelength uncertainty of ± 0.05 A. They identified the 
s2'2p2 3Pl - 2s'1p3 3p8 transition, not given by Denne et al. 
We quote the results of Denne ct al. and include the 
~2p3 3p8 value of Martin et al. 
Cowan [1981] calculated the value for the ionization 

nergy with an estimated uncertainty of 1%. 
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Configuration 

2s 22p2 

2s2p 3 

2s2p 3 

2s2p a 

.......... " ........ 
Kr XXXII .fP~tl) 

Kr XXXI 

Term J Level (em-I) 

3p 0 0 
1 396820 
2 478200 

3Do 1 1530200 
2 1 653800 
3 1 783500 

3pe 0 1955900 
1 1999100 
2 2002900 

aSo 1 2151 900 
............ .......... ................. 

Limit 28990000 



Z=36 

B I isoelectronic sequence 

ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 

Kr XXXII 

Ionization energy 30330000 ± 300000 cm-1 (376Q ± 40 eV) 

Denne et al. [1989] observed the line at 64.65 ± 0.10 A Kr XXXII 

in a tokamak plasma and tentatively classified. it as a 
blend of 2s22p 2P~12 - 2s2p2 2Pll2,312' They also reported 
three other lines of this array: the 2Pf12 - 2S112 at 
66.538 ± 0.025 A, the 2Pf12 - 2D312 at 69.957 ± 0.020 A, and 
the 2P312 - 2D512 at 84.94 ± 0.10 A which is weak and tenta
tively classified. In addition they observed the M1 transi
tion 2s22p ePfl2 - 2P~I2) at 203.021 ± 0.020 A, from which 
they determined the ground term interval. 

The same transitions were measured in a beam-foil 
spectrum by Martin et al. [1990]. We average these two 
sets of data and obtain levels with an uncertainty of 
±2000 em-I. Martin et al. also identified two transitions 
from the 2p3 configuration that we use to derive the two 
doublet levels. 

The ionization energy was calculated by Cowan [1981] 
with an uncertainty of about 1 %. 
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Configuration 

2sz2p 

2s2pz 

2s2pz 

2s2pz 

2p 3 

2p 3 

................... 

Kr XXXIII eSo) 

Tenn J 

Zpo l/Z 
312 

zD 3/2 
5/Z 

28 112 

2p l/Z 

3/2 

zn° 5/Z 

Zpo 3/Z 

............ .......... 

Limit 

9 

Level (em-I) 

0 
492560 

1 430000 
1 671 000 

1 503000 

2031 000 
2041 000 

2738000 

3308000 

............... 

80830000 



KrxxxlII 

Z=36 

Be I isoelectronic sequence 

Ionization energy 31 990 000 ± 300 000 em -1 (3966 ± 40 e V) 

Dietrich et ale [1980] identified the resonance line 
2s2lSo-2s2p lpy at 169.9±0.5 A in a beam-foil device. 
Denne et ale [1989] observed both resonaIice lines 
2s2 lSo-2s2p 1,3pY at 72.756±0.020 A and 169.845 
± 0.025 A in a tokamak plasma. They also observed the 
Ml transition 2s2pepy- 3p2) at 235.48±0.05 A. We use 
the results of Denne et ale to derive the levels of 2s2p, 
except for the 3pg level. 

Further beam-foil observations by Martin et ale [1990] 
enabled them to identify the 2s2p - 2p2 array. Their line 
identifications provided us with the 3P81evel of 2s2p and 
the 3p, ID, and IS levels of 2p2 with an uncertainty of 
±1000cm-1• 

The ionization energy was calculated by Cowan [1981] 
with a uncertainty of about 1%. 
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Configuration 

2S2 

2s2p 

2s2p 

2p2 

2p2 

2p2 

................... 
Kr XXXIV CZSlfl) 

Kr XXXIII 

Term J Level (em-I) 

IS 0 0 

3po 0 505500 
1 588770 
2 1 013440 

lpo 1 1374460 

3p 0 1 438 100 
1 1 827200 
2 1 gOg 800 

ID 2 2391 300 

. IS 0 2671 500 
............ .......... ................ 

Limit 31990000 



Z=36 

Li I isoelectronic sequence 

Ground state ls22s 2S112 

ENERGY lEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 

Kr XXXIV 

Ionization energy 33137590 ± 800 cm-1 (4108.540 ± 0.1 eV) 

The resonance 2s - 2p doublet has been measured by 
Denne et al. [1989] at 174.036 ± 0.026 A and 
91.049 ± 0.025 A from tokamak obselVations. Using a 
beam-foil apparatus Martin et al. [1990] obtained the 
values 173.93;!; 0.04 A and 91.00 ± 0.03 A. We use 
weighted averages of these measurements to obtain the 
values 174.005 ± 0.022 A and 91.029 ± 0.025 A. The en
ergy levels are deduced from these values with uncer
tainties of ± 70 em -1 and ± 80 em -1, respectively. These 
lines have been calculated by Indelicato [1989] with an 
MCDP eode including radiative corrections. His values 
are 174.0025 A and 91.0508 A. 

Kr XXXIV 

The value for the ionization energy was obtained from 
similar calculations by Indelicato [1986, 1989] of the 
binding energies of the ground states of He-like and Li
like krypton. 
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Configuration 

ls 22s 

ls22p 

.............. " .... 

Kr XXXV eSo) 

Term J 

2S l/Z 

2pe 1/2 
3/2 

............ .......... 
Limit 

Level (cm-: 

574701 
1098551 

............. 

3S 137591 



Kr XXXV 

Z=36 

He I isoelectronic sequence 

Ground state ls2 ISO 

Ionization energy 139510800 ± 5000 cm- l (17297.14 ± 0.6 eV) 

The following experimental data have been obtained 
by beam-foil excitation: 

Transition Energy (cm-I) Authors 

1s2 lSo-1s2s 3S1 104 920 ooo± 270 000 Gould and Marrus [1975] 
1s2 lSo-1s1p 3pt 105068200± 2000 Indelicato et al. [1986] 
1s21So-1s1p Ipt 105783200± 2000 Indelicato et al. [1986] 
1s21So-1s1p 3~ 105588 OOO± 12000 Briand et al. [1984] 

1s2s 3S1 -1sJp 3~ 9OO030± 't~ Martin (!f nl. [1990] 
1s2s 3S1-1s1p 3pg 357380± 250 Martin el aL [1990] 

We Quote the positions of the ls2p lp~ and 3py levels 
from Indelicato et al. [1986]~ The ls1p 3p8_3PY interval 
and the position of the 18 2s ISo level are from multi oon
figuration Dirac-Fock calculations with QED corrections 
by Indelicato [1990]. The Is2p 3P2 and the Is2s 'Sl levels 
were derived from the measurements. by Martin et al. 
[1990]. The value for the ionization energy was calcu
lated by Indelicato [1990]. His values for the ls1p 3Pf 
and lpf and the ls 2s 3S1 are about 5000 cm -1 lower than 
the observed values. We therefore increased his value 
for the ionization energy by this amount. 
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Krxxxv 

Configurati~n Tenn J Level (em-I) 

ls2 IS 0 0 

Is2s 3S 1 104689 700 

Is2p 3po 0 [105047 100) 
( 1 105068200 

2 105589700 

Is2s IS 0 [105 070 100) 

Is2p lpo 1 105783200 
................... ............ .......... ................ 

Kr XXXVI fSIn) Limit 139510800 



Z=36 

H I isoelectronic sequence 

Ground state 1s 2Sl/2 

ENERGY LEVELS OF KRYPTON, Kr I THROUGH Kr XXXVI 

Kr XXXVI 

Ionization energy 144665280 ± 90 cm-I (17936.21 ± 0.01 eV) 

A value for the Is 2Sl/2 - 'lp 2p~!2 transition of 
13508.95 ±0.5 eVor 108957 000±4000 cm-I has been 
measured by Tavernier et al. [1985] in a beam-foil exper
iment. 

Kr XXXVI 

We give the theoretical values for the 1s, 2s, and 'lp 
levels as well as the ionization energy calculated by John
son and Soff [1985]. They estimate the uncertainty of 
these values relative to the ground state to be ± 90 cm-1 

and that of the 'lp 2po term splitting to be ± 5 cm -1. The 
position of the 2p 2pj/2 level agrees with the measured 
value within the uncertainty of the measurement. 

For n = 3 to 5 the values of the energy levels were 
obtained by subtracting the binding energies calculated 
by Erickson [1977] from the Johnson and Soff value for 
the binding energy of the ground state. Assuming that 
the Lamb shift scales as n -3, we estimate the error in 
Erickson's calculations for the ns levels as 8n -3 times his 
error of ± 880 cm ~ 1 for 2s. The resulting errors for 3s, 
4s, and 5s 'are ±260 cm-I, ± 110 cm-I, and ±60 cm-I, 
respectively. For the remaining levels with n ~ 3 and for 
5s the limiting uncertainty is ±90 cm-I. 
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Configuration 

Is 

2p 

2s 

3p 

3s 

3d 

4p 

4s 

4d 

4f 

5p 

5s 

5d 

51 

5g 

................... 

Term J 

28 112 

2po 112 
3/2 

Z8 1/2 

2po liz 
3/2 

28 112 

2D 3/2 
512 

2po liz 
3/2 

28 1/2 

2D 3/2 
6/2 

2? 5/2 

712 

2po l/z 
31z 

28 1/2 

2D 312 
51z 

2~ 6/2 
7/2 

2G 7/2 
912 

............ .......... 
Limit 

Level (cm- l 

( 

[10831447( 
[108 956 89~ 

[1 08 3~~ 40( 

[12858118( 
[128 771 76( 

[12858564( 

[128 771 40~ 
[128 832 86~ 

[135648 lOt 
[13572837( 

[135649991 

[135 72822· 
[135754 18! 

[l.'l5754 14· 
[13576702· 

[13890784f 
[138 948 87~ 

[13890881l 

[13894879! 
[138962091 

[138 962 O~ 
[138 968 67~ 

[138968661 
[13897260: 
............. 
[144665281 




